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GEOLOGY AND UNDERGROUND WATERS OF THE ARKANSAS 
VALLEY IN EASTERN COLORADO. 


By N. H. Darron. 


INTRODUCTION. 


In the valley of Arkansas River in southeastern Colorado there is an area of 
considerable extent in which artesian flows are available. During the last ten years 
numerous wells have been sunk to develop this important resource and, in most 
cases in the lower lands, abundant water supplies have been obtained. The princi- 
pal water-bearing bed is the ‘‘ Dakota” formation, which consists of two sheets of 
porous sandstone separated by a small body of clay and overlain in the greater 
portion of the area by a mass of impervious shales. The sandstones receive their 
waters from rainfall and from the sinking of streams along the foothills of the Rocky 
Mountains and on some of the higher slopes south of the Arkansas Valley. In the 
passage of this sandstone underground, the waters which it contains are held down 
by the overlying shales, but, as some of the sandstone outcrops are at relatively 
low levels to the east only a moderate head or pressure is sustained. On account 
of this low head, artesian flows are available only in the lower lands, and one of the. 
principal objects of this investigation has been the determination of the area in 
which flows are to be expected. The ‘‘Dakota”’ sandstone and associated forma- 
tions do not lie level, or even slope regularly to the east, but are flexed into low 
arches and shallow troughs of considerable complexity of configuration. Accord- 
ingly, in investigating this source of water supply, it has been necessary to ascertain 
the structure and distribution of the various formations in order to indicate the 
variations in depth to the water-bearing stratum. The principal results of these 
investigations are set forth: (1) In the geologic map (Pl. VI), which shows the dis- 
tribution of the formations on the surface; (2) in the map, Pl. X XV, which shows 
the depth to the water-bearing horizon, the area in which flows are expected, the 
head of the underground waters, and other features, and (3) in the cross sections 
(Pls. VII and XXIII), which show the principal underground features. The 
investigation has been in progress for several years and is an extension of the 
preliminary examination of the region by G. K. Gilbert in 1894 and 1895.4 


aGilbert, G. K., Underground waters of the Arkansas Valley 1u eastern Colorado: Seventeenth Ann. Rept. U.S. Geol. 
Survey, pt. 2, 1896, pp. 1-51, Pls. LVI-LXVII. 
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For the western portion of the area the maps and texts of the Pueblo, Elmoro, 
Walsenburg, Spanish Peaks, and Pikes Peak folios have been utilized as far as 
practicable. For the central and eastern portions the larger features of the geology 
have been specially mapped, and considerable detailed mapping has been done in 
the region south and southeast of Canyon and Colorado Springs. In the field work 
I have been assisted by Mr. C. A. Fisher, who has examined in detail the Nepesta 


quadrangle and contributed numerous other data. Dr. W. S. Tangier Smith and- 


Messrs. C. E. Siebenthal and W. T. Lee have made observations in certain areas. 
Much valuable information respecting wells has been furnished by Mr. William 
Archer, of the Atchison, Topeka and Santa Fe Railway Company, and Mr. C. H. 
McVay, well driller at Rocky Ford. 


GENERAL CONFIGURATION. 


Eastern Colorado lies on the western portion of the Great Plains, which extend 
from the foot of the Rocky Mountains to the Mississippi Valley. These plains 
present wide areas of tabular surfaces traversed by the broad, shallow valleys of 
large rivers that rise mainly in the Rocky Mountains, and are more or less deeply 
cut by the narrower valleys of lateral drainage (Pl. Il). Smooth surfaces and 
eastward-sloping plains are the characteristic features (Pl. III), especially of the 
uplands, but in portions of the region there are buttes, extended escarpments, and 
canyons of considerable depth. Local areas of sand hills occur, especially along 
the rivers and on some of the high plains, where there is much loose material that 
can be blown by the wind. The altitudes average about 6,000 feet at the foot of 
the mountains and about 3,500 feet along the eastern border of Colorado. Westward 
the mountains rise steeply to altitudes which reach over 14,000 feet in Pikes Peak, 
13,600 feet in Spanish Peaks, and 12,300 feet in Greenhorn Mountain. 

The principal streams of the region are South Platte and Arkansas rivers. 
These rise in the mountains, where they flow in deep canyons, but in crossing the 
‘plains their valleys are wide and average about 200 feet below the surrounding 
higher lands. Near the mountains the Arkansas Valley is bordered in places by 
cliffs of moderate height, but to the east the side slopes are very gentle. The 
altitude in the valley at the mouth of Royal Gorge is 5,400 feet; at Pueblo it is 
4,675 feet, and at the Kansas line 3,350 feet. The average grade from Canyon to 
Pueblo is 15 feet to the mile, from Pueblo to La Junta, 8 feet, and from La Junta to 
the Kansas line, 7.3 feet. 

The principal branch of Arkansas River in southeastern Colorado is Purgatory 
River, which rises in the Culebra Range and empties at Las Animas. The region 
adjoining this stream is one of unusual topography for the Great Plains; portions 
of it consist of sandstone plateaus cut by many canyons, that of Purgatory River 
being in places nearly 500 feet in depth. Other branches of the Arkansas crossing 
this plateau are Apishapa and Huerfano rivers, which have also cut canyons of con- 
siderable depth. Near the southern margin of the State there rise above the plains 
two large, prominent mesas—the Raton Mesa and the Mesa de Maya—both of 
which are due to thick sheets of volcanic rocks. 
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A, THE HIGH PLAINS IN EASTERN COLORADO, 


Grass, sunshine, and solitude. 


B. VIEW ON THE GREAT PLAINS IN EASTERN COLORADO, 


Shows ranch situated in shallow drainage basin. 
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GENERAL GEOLOGY OF EASTERN COLORADO. 


GENERAL RELATIONS. 


The eastern half of Colorado is underlain by an extensive series of sedimentary 
formations of late Cambrian to Tertiary age. They are in widely extended sheets, 
which le nearly level under the plains, but are upturned steeply against the front 
ranges of the Rocky Mountains, in which the underlying granites and gneisses 
appear. ‘The larger surface areas are the later Cretaceous and Tertiary formations, 
the latter covering much of the region north. 


STRUCTURE. 


The general structure of the region is indicated in Pl. XX VI, which shows the 
configuration of the ‘‘Dakota’’ sandstone, not only in its surface outcrops, but also 
under the areas in which it is more or less deeply buried by younger formations. 
From this illustration it will be seen that there is, along the mountain front, a 
general steep monoclinal dip, which affects all of the formations except the youngest. 

In greater part the monocline of the front ranges descends into deep basins, 
east of which the strata rise gently. The most extensive of these basins is one 
having its center near Denver. It extends from North Platte River to the Arkansas, 
and in its lower portion the granite and gneiss which are supposed to underlie 
the plains are 2,000 feet or more below sea level. This basin is terminated on the 
south by an anticline, which crosses the great offset and embayment in the moun- 
tain front west of Pueblo, and is a prolongation of the main Front Range of the 
Rocky Mountains. This anticline pitches downward very rapidly from a short 
distance south of Pikes Peak and crosses the Arkansas Valley a short distance west 
of Pueblo, beyond which it coalesces with a prominent anticline extending south- 
eastward from the Wet Mountain Range. Between these two, in the vicinity of 
Florence, there is a deep synclinal basin lying in the sharp reentrant angle in the 
front of the Rocky Mountains. South of the eastward prolongation of the Wet 
Mountain anticline there is another deep basin occupying an area of considerable 
extent about the Spanish Peaks. The east side of this basin rises into an anticline 
of moderate prominence, which occupies a broad area in southeastern Colorado, 
coalescing with the extension of the Wet Mountain anticline to the northwest and 
extending far to the northeast, with considerable pitch, as the southeastern margin 
of the Denver basin. At Two Butte there is a small but prominent local uplift due 
to igneous intrusion. 

These flexures affect all of the formations except the later Tertiary sands, gravels, 
and clays which cap the divides between the larger valleys. In the Denver and 
Spanish Peaks basins there are extensive deposits of all the formations up to the 
earlier Tertiary. In the Florence basin a small area of the Laramie occurs. The 
anticlines north and south of Pueblo are exhibited mainly in “‘ Dakota” to Niobrara 
formations, and the wide anticline in the southeastern portion of the State presents 
extensive exposures of the ‘‘Dakota” sandstone, which extend to Arkansas River 
between Las Animas and the vicinity of Lamar. 
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FORMATIONS. 


The sedimentary formations exposed in eastern Colorado represent a large 
part of geologic time from the later Cambrian to the present. Rocks of Silurian 
and Devonian age, however, are absent; the Ordovician and earlier Carboniferous 
appear only in small exposures; the Triassic may be absent in whole or in part; 
the earlier Jurassic is absent; the later Jurassic extends only a few miles into the 
northern portion of the State; a large part of the earlier Cretaceous is absent; and 
there are a number of short breaks in the early, middle, and latest Tertiary times. 

Rocks of later Cambrian age appear at a number of points along the Front 
Range, mainly in small embayments west and northwest of Colorado Springs and 
north of Canyon, but it is possible that these are projections from a more extended 
sheet which may underlie the plains eastward. It is evident that the Rocky 
Mountain Front Range was originally a shore line of irregular contour on which 
varying degrees of submergence caused an irregular sequence of overlaps. The 
later Cambrian rocks are sandstones, evidently representing a shore deposit which 
originally had an irregular western margin, much of which is now buried under 
later overlapping sediments. 

The Ordovician rocks, which consist mainly of limestones (Manitou and Fre- 
mont), with an intervening local sandstone (Harding), are also of restricted occur- 
rence. Outcrops appear in Perry Park, west and north of Colorado Springs, west 
and north of Canyon and Florence, south of Canyon, and southwest of Pueblo. 
At most localities they are overlain unconformably by the Millsap limestone, of 
earlier Carboniferous age, which presents irregular overlap relations from point to 
point. These formations probably extend continuously under the Great Plains, 
but they have not been reached by any borings in eastern Colorado. 

One of the most prominent members along the Rocky Mountain front is the 
great succession of ‘‘Red Beds” which he on an irregular surface of the granites, 
except in some of the embayments where Cambrian, Ordovician, and earlier Car- 
boniferous rocks intervene. They have been found to be an extension of the 
‘‘Red Beds” and underlying Carboniferous limestone of southeastern Wyoming 
and of the Permian and overlying ‘‘Red Beds” of southern Kansas. They are 
readily divisible into three members. The lowest is the Fountain formation, or 
lower Wyoming. This consists of coarse, red grits, which I have found represent 
the Upper Carboniferous limestones of Wyoming. The second is the Tensleep 
sandstone, or ‘‘Creamy sandstone” of Eldridge, which has been traced as far south 
as the Manitou embayment. The third member consists of the gypsiferous red 
shales and sandstones known as the Chugwater formation, and is believed to rep- 
resent the ‘‘Red Beds”’ of eastern Wyoming and the Black Hills. The lower beds 
of this member are of Permian age and the upper beds are either Permian or 
Triassic. It appears to terminate a short distance southwest of Colorado Springs. 
The ‘‘Red Beds” underlie the plains in eastern Colorado and have been reached 
by several deep wells in the Arkansas Valley and by some of the deeper canyons 
farther south. 

The marine Jurassic, which is well characterized in eastern Wyoming, extends 
only a short distance south into Colorado, where it thins out, but the unconformity 
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A. HAYSTACK BUTTE, PUEBLO COUNTY, COLO. 


Typical flat-topped outline of Timpas limestone or Carlile shale. 


B. APISHAPA CANYON NORTHWEST OF THATCHER, COLO. 


A typical sharp-edged flat-bottomed canyon in ‘* Dakota’’ sandstone. 


CRETACEOUS FORMATIONS. Wail 


by which it is separated from the ‘‘Red Beds” northward continues to the south, 
and represents, throughout the greater part of eastern Colorado, all of Jurassic 
and probably also some of Triassic time. Above this unconformity lies a wide- 
spread sheet of fine-grained sediments known as the Morrison formation, evidently 
of fresh-water origin and supposed to represent part of the earlier Cretaceous time. 
It is usually less than 300 feet thick, but appears to underlie all of eastern Colorado, 
although thinning considerably eastward. 

The Morrison shales and clays are followed by a succession of coarse-grained 
sandstones, usually designated the ‘‘Dakota”’ sandstone, consisting of two prin- 
cipal masses with an intervening deposit of fire clay, having in all a thickness 
averaging 300 feet. This series underlies all of the eastern part of Colorado, appear- 
ing prominently along the slopes of the Front Range and widely in the anticlinal 
uplifts south of Arkansas River. Its upper member undoubtedly represents the 
‘‘Dakota” sandstone, but the medial clay and the lower sandstone series probably 
represent, respectively, the Fuson and Lakota formations, two Lower Cretaceous 
members of the Black Hills. The remarkable uniformity of this tripartite succes- 
sion and its intimate association with the underlying Morrison beds is a most 
significant feature over a wide area of the Rocky Mountain province. Several 
years ago fossils of Comanche age were found in the medial, or fire-clay, member 
in the southeast corner of the State, and recently Mr. T. W. Stanton has obtained 
these fossils at this horizon at various localities as far west as Canyon. 

The ‘‘ Dakota” sandstone is succeeded abruptly by a great succession of marine 
sediments, mainly shales, with hmestones at certain horizons, representing a long 
interval of later Cretaceous time. The lower portion of this succession consists of 
the Benton group, which is from 400 to 500 feet thick in greater part and com- 
prises two shale formations separated by one of limestone. Its character is Gon- 
stant throughout nearly a half million square miles of the central Great Plains. 
The rocks of the Benton group are exposed in a narrow zone all along the Rocky 
Mountain front and in extensive areas along the slopes of the anticlinal uplifts 
south of Arkansas River. They are succeeded by the calcareous deposits of the 
Niobrara, which attain their greatest development in eastern Colorado. The usual 
succession in the Niobrara is a lower limestone and an upper series of limy shale, 
which in portions of the Arkansas Valley attain a thickness of nearly a thousand 
feet. The Niobrara formation is extensively exposed in the Arkansas Valley east 
of Florence. 

Overlying the Niobrara formation is a thick mass of clay known as the Pierre 
shale, which has a wide extent and great thickness in the Denver basin, in the 
southern end of which it extends as far south as Arkansas River east of Pueblo. 
A smaller area occurs in the Spanish Peaks syncline, and a still smaller one in the 
Florence basin, where it is the source of petroleum. West of Denver the Pierre 
formation appears to have a thickness of more than 7,500 feet; about Florence it 
is more than 3,000 feet thick; and in the Spanish Peaks syncline its greatest amount 
appears to be not more than 2,000 feet. The formation thins rapidly in eastern 
Colorado, where its surface has been extensively eroded in earlier Tertiary times. 
It consists of a succession of dark shales, with occasional beds of sandy shales 
and sandstones, and usually contains abundant remains of marine shells, 
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The Pierre shale gives place rapidly to the Fox Hills formation, which in greater 
part consists of sandstones, and this, in turn, is succeeded by the Laramie forma- 
tion, a thick succession of sandstones and sandy shales containing extensive and 
valuable deposits of lignite. The latter formation is of fresh-water origin and 
represents the product of late Cretaceous time. It occupies a broad area in the 
Denver basin, in which it extends southeastward from Colorado Springs and north- 
eastward into Wyoming and Nebraska. There is a large area of it in the Spanish 
Peaks basin and a small area in the Florence basin. 

In the two larger basins above mentioned the Laramie deposits are overlain 
by extensive beds, mainly of conglomerates and sandstones, which may possibly — 
represent the earliest deposits of Tertiary time. Several formations separated by 
unconformities are comprised in this series, and they constitute the greater part of 
the elevated region culminating in the Spanish Peaks. 

There probably is a considerable interval of early and middle Tertiary time 
not represented by deposits in eastern Colorado. The White River group of Oligo- 
cene age caps the Laramie formation in the northeast corner of the State and 
occupies an area of considerable extent in the highlands south of Denver, where 
it is known as the Monument Creek formation. These Oligocene deposits consist 
of sands, sandstones, and clays, which probably were once of considerably 
greater extent in eastern Colorado, but were removed by later Tertiary erosion. 

On the principal divides in the eastern portion of Colorado there are wide 
areas of the original high plains capped by later Tertiary deposits, consisting of 
sands and gravels, often locally cemented into a limestone grit. This formation has 
been extensively removed along the valleys of Platte and Arkansas rivers, but 
originally it probably extended to the foot of the higher mountain slopes, as it does 
in Wyoming. The. age of this covering of the old high plains is believed to be 
Pliocene, but in the northeastern portion of the State there is also an underlying 
member, the southern extension of the Arikaree formation, which lies on the White 
River formation for some distance. ; 

The Quaternary system in eastern Colorado is represented mainly by the 
alluvial deposits along the valleys and by some remnants of earlier terraces of 
moderate elevation. 


GEOLOGY OF THE ARKANSAS VALLEY REGION. 


STRATIGRAPHY. 


The sedimentary formations exposed in the area drained by Arkansas River 
in eastern Colorado are mainly of Cretaceous age, but along the slopes of the Rocky 
Mountains an extensive series of older formations lies on granite. The various 
formations of Cretaceous age present extensive exposures, but the older formations 
outcrop only in small areas, and there are among them many irregular overlap rela- 
tions, due to the unevenness of the surfaces on which they were laid down. The most 
extensive developments of the older rocks are in the embayments north of Canyon 
and west of Colorado Springs. 
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A. ‘DAKOTA’ HOGBACK AT CANYON, COLO. 


Valley of ‘‘Red Beds” and slopes of Morrison beds to left; minor hogbacks of Timpas limestone to right. Photograph by |. C. Russell. 


B. “DAKOTA” HOGBACK RIDGE 2 MILES SOUTHWEST OF CANYON, COLO. 


Looking north. Valley of Graneros shale in foreground; mountains of gneiss in distance. Photograph by C. D. Walcott. 


STRATIGRAPHY. is) 


Table of geologic formations of southeastern Colorado. 


Age. Formations. Principal character. Thickness. 
Feat. 
xR SE LO li 6 UPR rae UE a a 8 a Nd eee PUA VOl AM Gl OM Maa eeneriac sae acer eae 50 
Higher terraces, sand, gravel, and loam........... 50 
s Nussbaum-Ogalalla.........- Sand, gravel, and conglomerate..................-. 150 
Tertiary..---.------------- Monument Creek...........-. Sandmensvelerangclayacrnecmca: caseeer cee cece 200 
TRUOTIAN Ober ncpee eek eecanace Coarse sandstone and conglomerate on clays and 2,900 
mazris. 
GLeraceode ea CHORES: @enver)2 222530422. Massive sandstone; some clay...............--..-- 475 
; Poison Canyon (Arapahoe) ..| Sandstone conglomerate; some clay.........------ 1, 900 
(lcarmanny ele AA yma tenes Gray, Sandstone and shale...22-----...---2---4.-2_. 2,000 
Trinidad sandstone(FoxHills)| Massive sandstone..............-.-.--------------- 150 
FRIOLTG PS wets. Ieee ees ate Dark-gray shale with concretions. ..............--- 1, 300-3, 000 
Apishapa. - Niobrara prone ae shale, thin beds of limestone near top-..-...-- 550 
Timpas....| ) | (Limestone and limy shale....................:..... 200 
Cases dl 3!) Carlile. .._. (Dark shales with sandstone at top................- 200 
pl Greenhorn. Benton group .-..|;Slabby limestone; shale partings...............-.- 50 
Graneros-. Mamkishalesias. aa ceeen sec eee ee Knee ee pea 200 
PED YEO} fe fetes ie as cia ae ae Gray sandstone, fire clay in middle...-.........._. 200- 300 
Comanche series...........--- Soft sandstone and sandy clays.................-.- 20 
IMOETISONMe sem- neice eee sare Gray to maroon joint clays with limestone and 200 
sandstone layers. 
Triassic (?) and Permian. .| Chugwater................-.- Bright-red sandy shales with thin limestone layers 100 
and gypsum; reddish sandstone at top. 
Carboniferous: Tensleep, - 2 
Pennsylvanian........-. front jon Wyoming (pine et ancd IS ERO oa so choo oro aoe 
E iaas|| : ~"||Coarse red sandstone and conglomerates......-..- 600-1, 200 
(Badito) 
Lower Mississippian--.-| Millsap.............--...---.- Gray and purplish limestone................-.-...- 30- 200 
(WTCMON GE Aes eee Gray to pinkish dolomite, uneven grain.........-- 100 
Me Harding Sa. costes cieeeeeee Fine, even-grained, gray to pink sandstone; some 100 
Ordoyvicianwen< =): ea. <ce-e | Sinaia. 
Mami oUeee =r eeseeees eos Ried dishy dolomite hese se cae ee see eee ee ere emeeee 100- 270 
Camibrianineresseoeee ese REE SOS De ate CCA ae Ried dishisandstonepessesecss eee ceeesee nee ee cere 40- 100 


CAMBRIAN SYSTEM. 


In the Manitou embayment west of Colorado Springs and in a small area north 
of Canyon rocks of Cambrian age appear lying on the granites. The deposits north 
of Canyon consist of a thin mass of sandy and cherty beds of variable local develop- 
ment at the base of the Manitou limestone. They have yielded a trilobite, Ptycho- 
paria, a form of Upper Cambrian age. In the Manitou embayment west and north- 
west of Colorado Springs the Manitou limestone is nearly everywhere underlain by 
10 to 80 feet of sandstones, mostly of pinkish color, containing Upper Cambrian 
fossils. Some of these were obtained by Doctor Cross from the east branch of Trout 
Creek, 45 feet above the granite; they comprised Lingulepis sp. (?) and a Lingula 
of elongate form allied to pinnxformis of the Upper Cambrian of Wisconsin. 

This sandstone appears at Manitou and extends northward along the west side 
of the Garden of the Gods to beyond Glen Eyrie, where it contains upper Cambrian 
fossils. One section which has been reported has, beginning at the base, 26 feet of 
greenish-white sandstone, 4 feet of coarse dark-green sandstone, 6 feet of coarse 
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gray sandstone, and 20 feet of brick-red sandstone with green layers, overlain by 
Ordovician limestone. A small area containing fossils was found southwest of 
Monument Park, and, according to Mr. W. T. Lee, a quartzite which is presumably 
of the same age appears on Deadman Creek south by west from Monument station. 


ORDOVICIAN SYSTEM. 


Rocks of Ordovician age are extensively exposed in the embayment north and 
northeast of Canyon and west of Colorado Springs, and two small areas have recently 
been observed southwest and south of Canyon. They consist of limestones and 
sandstones usually lying on a thin deposit of Cambrian sandstone, or quartzite, and 
sometimes they overlap on the granite and schists. In the Canyon district the 
Ordovician is represented by the Manitou limestone, Harding sandstone, and Fremont 
limestone (Pl. V, A). These have been described in detail by Dr. C. D. Walcott, ¢ 
mainly in connection with the occurrence of fish remains, and by Dr. Whitman Cross 
in describing the region northeast of Canyon in the Pikes Peak folio. The following 
members are described by Doctor Cross: 

Manitou limestone.—This limestone is extensively exhibited in Oil Creek Valley, 
Garden Park, where it consists of fine-grained pink or reddish dolomite less than 
100 feet thick. It occurs in the Manitou region, where it contains Ophileta, Came- 
rella, and other characteristic Ordovician fossils. é 

Harding sandstone.—This formation consists mainly of fine, even-grained, granu- 
lar sandstone in alternating bands of light-gray and pinkish or variegated colors, 
with a few bands of dark-red or purplish sandy shale, having a maximum thickness 
of about 100 feet (Pls. VIII and XIX,). The lower part is sometimes calcareous 
and develops into a thin fine-grained dolomite. This formation contains fish remains 
at the Canyon locality. In Garden Park the sandstone rests with apparent conform- 
ity on the Manitou limestone, but to the southeast it overlaps on the basal sand- 
stone and near Canyon on the gneiss. At Canyon the formation is 86 feet thick 
and consists of gray, reddish, and purplish-brown sandstone and shales with many 
fossils of early Trenton age. A small outlier of sandstone, apparently of this forma- 
tion, underlying the Millsap (Carboniferous) limestones in the slopes west of Beulah, 
is mapped by Gilbert in the Pueblo folio. 

Fremont limestone.—Overlying ‘‘the Harding sandstone with apparent con- 
formity, there occurs a bluish-gray or pinkish dolomite of uneven grain, sometimes 
arenaceous, which gives rise to very rough weathered surfaces.’ Its thickness in 
Garden Park is about 100 feet, but increases southward to a maximum of 270 feet 
near Canyon, partly through the development of an upper fossiliferous member. 
In Garden Park it is characterized especially by the coral Halysites catenulatus, and. 
also contains a molluscan fauna like that of the upper Trenton in New York. It 
appears to be restricted to a small area in Garden Park and vicinity and a narrow 
outcrop extending southward past Canyon. These formations all end a short 
distance southwest of Canyon by overlap of later deposits, but two small areas were 
found, one near the road 4 miles southwest of Canyon and another at the foot of the 
mountain on one of the branches of Chandler Creek, 7 miles nearly due south of 
Canyon. 


a Bull. Geol. Soc. America, vol. 3, pp. 153-167. 
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PALEOZOIC FORMATIONS. 1} 


At Manitou and for some distance northward and in the Trout Creek Valley 
(Manitou Park) there are other areas of Manitou limestone underlying the ‘ Red 
Beds.”’ On Trout Creek this limestone has yielded distinctive Ordovician fossils. 

Doctor Peale gives the following section of the exposure of Manitou limestone 
and associated formations at Glen Eyrie:¢ 


Geologic section of basal rocks near Glen Eyrie, Colo. 


Age. Description. 


Carboniferous (?)......-.--- GrayespuLplish and yellowalimestonaseeeeerenieee tse sere eeereeecEeeeEeeee Eee nenenere 27 
Red shaly limestones, with fragments of Ordovician fossils.........-..--.-.-- ee ae 
Limestones with interlaminated shales............-....-- Mee aaa 2,” teen ereiee cere 
Rediimestonenwithen inition odleSee ses es=sesees he asses een ec ne sea ee se eee see eee eee see 
Redtlimestones, ao ove sacwcse atc aeinek ask tose Mocs Se Beso Serene nk Bae seme Ree costae sees | 
Rvedushallyallinestones once see cept Sarees «Sa cee Sauce ee cere eee CRORE as eee a 
IRE GHITMES CONG Reese teva ers Sa iotee miaee ee are ele aisle ciclo ene Cah tee teen atclctetoeoe cla ao 
Inrepilariy laminated limestone --tecees-e see once: cece eee sete e ee eeteeeeetiaeeeceee 
Redvandipreentshhlimestone sees aie ee se ise ee Pace ieee ee se eerie gees eee ee eee 
Brick-redisandstone withigreen ayers es. oq c0 cee en ese ane eee eee eee 
Coarsereravisandstoneliswiecen esi misc ie ate ene aoteny- Meee eee See een ae eee ae 
Coarserdark-preen!sandStoneepenasss cts. se aaa tm smitcine cee eae seaiee nee eet eee eee eee 
Coarse/erayish-white sandstonese. 2-0. seca ese sece cee cssceeren cbenise seceeree een 
Granite. 
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On Deadman Creek, 6 miles south of Perry Park, a small outlying area has been 
investigated by Mr. Willis T. Lee.’ The rocks are cherty limestones in layers inter- 
stratified with red clay, overlying a few feet of deep-red quartzite of supposed Cam- 
brian age. The fossils obtained were examined by Doctor Weller, who found the 
best preserved specimens to be Dalmanella testudinaria of Ordovician age. 


CARBONIFEROUS AND TRIASSIC SYSTEMS. 


Millsap limestone.—This limestone of Lower Carboniferous age appears in a 
few isolated outcrops west of north of Canyon and west of Colorado Springs. North 
of Canyon it lies on the Fremont limestone and is immediately overlain by the 
“Red Beds” of the Fountain formation. The locality in which the largest amount 
is exposed is in the angle between Oil and Millsap creeks, where there are about 
30 feet of thinly bedded, variegated, dolomitic limestones, with a few thin sand- 
stone layers. Chert nodules in the upper limestones carry casts of Spirifera rocky- 
montana and Athyris subtilita. The limestone appears at several points among 
the outcrops on the slope of the mountain northwest of Canyon. In the limestone 
area west of Colorado Springs, fossils of Carboniferous age have been discovered 
by Prof. A. W. Grabau. Ina letter Professor Grabau states that they are remains 
of Spirifer, either rockymontana or centronatus, and small producti. They occur 
in a light-gray, compact limestone about 10 feet thick, lymg from 10 to 15 feet 
below reddish and purplish shaly beds at the base of the Fountain formation. 
About 100 feet lower some other remains were found which were not determined. 


a Peale, A. C., Geology of the South Park division: Seventh Ann. Rept. U.S. Geol. and Geog. Surv. Terr., 1874, p. 201 
b Lee, W. T., Geology of the Castle Rock region, Colorado: Am. Geologist, vol. 29, pp. 96-97. 
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A small area of this limestone appears on the slopes west of Beulah, as described 
by Mr. Gilbert. In this locality its thickness is 200 feet and it consists of gray 
and purplish limestone with some shale in its lower part. Spirifera rockymontana 
occurs near its middle. It lies on supposed Harding sandstone, the Fremont 
limestone apparently being absent. 

The “Red Beds.”,—The most conspicuous sedimentary formations exposed 
along the Rocky Mountain Front Range is the succession of red sandstones known 
as the ‘‘Red Beds.” For the greater part of their course they lie directly on the 
granite, but in the embayment about Manitou and Canyon they are locally under- 
lain by limestones. Near the Arkansas divide, at Palmer Lake, they are over- 
lapped by Monument Creek beds; west of Monument, southwest of Colorado 
Springs, and south of Canyon, they are faulted down, and southwest of Pueblo 
they are locally overlapped by the Dakota and associated formations. The thick- 
ness of the ‘‘Red Beds”’ is variable, but it is rarely less than 1,000 feet, and in the 
Garden of the Gods it is greater. Part-of the variation is due to the uneven floor, 
the thicker masses of the beds lying in the deeper depressions. The ‘‘Red Beds”’ 
are also exposed extensively in the Purgatory and other deep canyons in the High 
Plains south of Arkansas River. The rocks are mainly coarse-grained red grits 
and red sandstones. 

In the Manitou embayment there are three divisions of the ‘“‘Red Beds.” 
The uppermost consists of about 100 feet of red shales, *a thick bed of gypsum, 
and thin beds of limestone, and is believed to represent the Chugwater formation 
of eastern Wyoming (upper Wyoming beds). The medial member consists of about 
200 feet of fine-grained, light-colored, massive sandstone, which in the Boulder 
region has been designated the Lyons sandstone by Professor Fenneman.“ The 
lowest formation, the Fountain, is about 1,000 feet thick and consists of coarse 
red grits. In southeastern Colorado the upper part of the “‘Red Beds” consists 
of gypsum and red shales, which may represent the Chugwater (Lykens) formation; 
as yet, however, no evidence has been found on which to base correlation. 

The ‘‘Red Beds” are extensively exposed in the Garden of the Gods and for 
some distance north and south, dipping nearly vertical. At the south they are 
cut off by the great fault which passes along the base of Cheyenne Mountain. They 
give rise to the picturesque features of the Garden of, the Gods, the Gateway - 
marking the outcrop of the uppermost hard red stratum. Next above these are 
some softer striped red sandstones, about 100 feet thick, not well exposed at the 
Gateway, and then the white sandstone which outcrops a short distance east of 
the Gateway. This last bed is about 100 feet thick, moderately fine grained, mas- 
sive, and cross-bedded, and represents the ‘“‘Creamy sandstone” of Eldridge (or 
the Lyons sandstone of Fenneman), at the top of the lower Wyoming. The occur- 
rence of this lighter colored, finer grained sandstone at this horizon is general along 
the foothills of the Rocky Mountains from Manitou north, and in the Laramie 
Range, Black Hills, and Bighorn Mountains, being the Tensleep sandstone of the 
Bighorn slopes. Near the Garden of the Gods it is similarly succeeded abruptly 
by soft, red shales, including near the base thin limestones believed to represent 
the Minnekahta limestone and gypsum deposits above, and extending to typical 


aBull. U.S. Geol. Survey No. 265, 1905. 
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A. QUARRY IN HARDING SANDSTONE ON EAST SLOPE OF MOUNTAINS 2! MILES NORTHWEST OF CANYON, COLO. 


Looking north Granite to left, Harding sandstone in quarry, Fremont limestone and ‘Red Beds”’ in slopes to right. Photograph by 
C.D, Walcott. 


B. FREMONT LIMESTONE NORTHWEST OF CANYON, COLO, 


Shows irregular erosion forms. 


RED ‘BEDS. 17 


Morrison shale. This upper series of red shales, limestones, and gypsum 
undoubtedly is equivalent to the upper Wyoming of Eldridge (or Lykens forma- 
tion of Fenneman). At its base, overlying the white sandstone, are 55 feet of soft, 
red shale and red clayey sandstone (Cpeche horizon), 25 feet of thin limestone 
layers with red shale intercalations (Minnekahta), and 30 feet of red shales sur- 
mounted by a 30-foot bed of gypsum ovelain by Morrison shales. The following 
section was measured a short distance north of the Gateway to the Garden of 


the Gods: 


Section of the wpper ‘Red Beds” between the Gateway of the Garden of the Gods and Glen Byrie. 
Clays and shale (Morrison). 


Upper Wyoming beds: Feet. 
Gyy pst etter ee rte acre ars Scie ects a a heals stale einla oa 5 Salad lets sicislee ele witcielelesermetle aeled Serecle 30 
INGGLRIENEG 32 Rise: SHS OO OSs Sorte amen ee er ae MPU eRe ie Teele Be hay | OLE 30 
ime StONee pe eer eerie, See | 3 
Redishales wiunythiny limestones -)/(@Minnekahta)s-.<.-\--- <0 aclses alesse cose soe tes soetoe eee | 22 
Purple limestone, thin layers-- - - - J 1 
Solumedsshal erimarsandstone) (Opeche) me ceaccmsn ccs sees calcu cnc aicisjcecemecnces see acen omens 55 


Top of lower Wyoming beds: 
Massive white sandstone (Lyons or Tensleep). 


To the south the “‘ Red Beds,” both upper and lower, preserve the same general 
features to the great fault at the foot of Cheyenne Mountain, though showing local 
variations. At the Gateway the 30-foot bed of gypsum is a conspicuous feature, 
and there is a thin bed of gypsum a short distance below its base. Just below the 
Gateway these beds are offset and twisted, so that they are locally deflected some 
distance west of the general line of strike. On the roadside south of the Gateway 
there are seen very coarse, cross-bedded materials in the upper part of the Fountain 
formation, giving place abruptly to the fine-grained red sandstones and red gypsif- 
erous shales of the upper Wyoming, all vertical or dipping steeply eastward, as 
shown in PI. IX, A. i 

In the railroad cut in the western portion of Colorado City the following section 


is exposed: 
Partial section of “ Red Beds” at Colorado City. 


Sandy shales, etc. (Morrison). Feet. 
alispanceslved UB edsy Lat ac ays ses sa eae <i sjatee cishevw Bahn pean aee et Save die terete aor bane earans emote ere eter 50 
INURE AVI oe as Soe eo pe obc nos ehdébeeesadobuan ln bac ge sesouase ed abuude seco ashe sycadonaues 5) 
Red shales and soft sandstone with 3 feet of thin beds of gypsum near top. -.-.-.-.------------------- 60 
Soltemasslivie sre disanadstone- esa. ase e mee see eal Ain fee eke = mie ee nciaeye terete eset Pacer pects eee le raj v ee 55 


The section consists of upper Wyoming ‘“‘Red Beds,” except that the basal 
member may possibly be the upper part of the Lyons. — 

When the ‘‘ Red Beds”’ next appear, beyond the fault southwest of the village 
of Fountain, they are seen to consist, after the first 1 or 2 miles, almost entirely of 
coarse-grained materials without the uppermost gypsiferous red shales and to be 
overlain directly by Morrison beds. This coarse deposit, constituting the entire ‘“‘ Red 
Bed” section of this region, was designated the Fountain formation by Cross, a 
name which has been employed by Gilbert in the region still farther south. Here, as 
in the Manitou and Perry Park embayments, it is underlain by Millsap limestone. 

The Fountain formation in the region extending from southwest of Fountain 
to Canyon consists mainly of coarse-grained, crumbling, arkose sandstone in massive 
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beds, usually cross-bedded. Many conglomeratic streaks occur and a basal con- 
glomerate often appears, notably on the road northwest of Canyon, where it lies on 
an eroded surface of Millsap limestone (Pl. XX). The beds are prominently reddish, 
but some are gray and others are mottled gray and red. Finer grained materials, 
nearly all of a bright brownish-red color, often occur. The thickness is estimated 
as 1,000 feet, but varies considerably. Nearly everywhere the formation is sepa- 
rated from the granites and gneisses by limestones of Ordovician age, but in places 
it overlaps the crystalline rocks, and at some localities the underlying limestones 
are faulted out. In the vicinity of Canyon and at a small locality on Cripple Creek 
at the head of Garden Park the underlying Millsap limestone appears. In the region 
southwest of Pueblo the thickness of the Fountain formation, as measured by Mr. 
Gilbert, is 2,100 feet, including practically all of the formation, but it thins out to 
the southward and is absent for some distance along the foot of Greenhorn Mountain. 

At the south end of Greenhorn Mountain there appears a similar succession of 
rocks which Mr. Hills has named the Badito formation, probably corresponding 
to the Fountain formation. It comprises an upper member, about 100 feet thick, 
generally massive or thick-bedded, but sometimes shaly on the weathered surface, 
and a lower member, of about the same thickness, of very coarse brownish-red con- 
glomerate. lying on granites and gneisses to the south this succession appears 
again in the Culebra Range, where it expands to a great thickness. The Carbonif- 
erous limestones appear again on this range about Veta Pass, and they extend 
southward into New Mexico. This area was described in considerable detail by 
Mr. Endlich, of the Hayden Survey, who mapped the lower portion of the series as 
‘Lower Carboniferous,’ and several thousand feet of “‘Red Beds” as ‘Upper 
Carboniferous.” 

In 1902 Mr. Willis T. Lee®@ collected fossils and made a section southwest of 
Spanish Peaks. These fossils, obtained mostly from the lower hundred feet of the 
formation, were identified by Dr. Stuart Weller and found to be Upper Carbonif- 
erous. The species were as follows: | 


Zaphrentis sp. undet. Patellostium montfortianum N. and P.. 
Orbiculoidea convexa Shum. Bellerophon sp. undet. 

Orbiculoidea missouriensis Shum. Rotella verrucelifera White. 

Chonetes mesolobus N. and D. Soleniscus brevis White. 

Productus longispinus Sow. Soleniscus sp. undet. 

Productus costatus Sow. Spherodoma texana Shum. 

Productus cora D’Orb. Sphzrodoma sp. undet. 

Spirifer cameratus Morton. Trachydomia wheeleri Swall. var. 
Spirifer rockymontanus Marcou. Naticopsis altonensis McCh. 
Squamularia perplexa McCh. Naticopsis altonensis var. gigantea M. and W. 
Seminula argentea Shep. Pleurotomaria perizomata White. 
Acanthopecten carboniferus Stev. Pleurotomaria (several species undet.). 
Astartella concentrica McCh. Murchisonia copei White. 

Nucula ventricosa H. Orthoceras sp. undet. 

Lida bellistriata Stev. Syringopora sp. 

Pelecypod (genera and sp. undet.). Campophyllum torquium Owen. 
Bellerophon percarinatus Con. Straparollus catilloides Con. 

Euphemus carbonarius Cox. 


a Carboniferous of Sangre de Cristo Range, Colorado: Jour. Geol., vol. 10, pp. 393-396. 
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A. VERTICAL LOWER “‘RED BEDS,” GARDEN OF THE GODS, COLORADO. 


The harder portions rise in pinnacled forms. 


B. THE STONEWALL ON PURGATORY RIVER 30 MILES WEST OF TRINIDAD, COLO. 


Looking southeast across valley of Benton and Pierre shale to ridge of overlying sandstones. 


UPPER CARBONIFEROUS FOSSILS. 19 


Other fossils, found in loose fragments, were as follows: 


Derbya crassa M. and H. Bellerophon (large sp. undet.). 
Hustedia mormoni Marcou. Temnocheilus winslowi M. and W. 
Allorisma subcuneatum M. and H. Phillipsia sp. 

Schizodus wheeleri Swall. Large fish spine. 


The following section is given by Mr. Lee: 


Section at the crest of the Culebra Range, between Middle Fork and North Fork of Purgatory River. 


Feet 
Hard quartzitic conglomerate. --.--.---- Ee SE, Ro SE sik ORR ae eae ee ee a 10 
Dairkac halle se faery seer te Heat aioe tag tee aed eye ee AS See Re SS ee AS eR a are oe 5 
bimestonesyTOSsihterolis sere eee lt spay see 2 Pepe yn yeh Se als Ae sans eal RN WMS Ss ae a as Sai 2 
Red sandstone, with bands of red shale and irregular masses of limestone. ....-.-.-.--------------- 12 
Greenish argillaceous sandstone. -......-...-..--2---+----+2-+----+-4--- SEs Sethe Se eae Oeee 4 
Pink sandstone, argillaceous above, conglomeratic below-....-..-.-.-.----------------- PCIe AL ae 18 
Hossiliferous@limeston es mee ts ers crestor ats ja es ee 2 oye fae Se Sel bonde aman ee eine eee 4 
Deep-red sandstone, conglomeratic at the base, shaly near the top..-......-..--.-----.----------- 10 
jkimes tonewarenaceousmMea ki the bases = — see see cise) eee op oa ee eR abe Aeon e nena aie anere 20 
Massive, light-colored grit, coarse and conglomeratic............-.-.-.--------------------------- 13 


Banded sandstone and limestone intimately commingled; the limestone is often in more or less rounded 

massessurrerularibeds| of crayel occu in) placestems == a2 see 9m aoe ea eee eee 6 
Nod ulamilinaes ton caw ee es pees eeisP teen anon ae ey reeds Stee NA Cy Ae ha ote ne ANN De 2 3 
Massive limestone 8 
Shale with limestone nodules 3 


IMassiveslimestOneseamler sm nae yen hace cise. eS Ree San Gl Se eons, ae 23 
Coarse sandstone, conglomeratic in the lower half......_.......-.-----.------------------------- 20 
Massiveronts ocalsuncontorm ty) ee etrars mem Pye = Sone 2 Oe ee ce Ge Oe 8 
Calcareous shale, passing to black shale, with limestone nodules near the top......-...-..---------- 10 
Fossiliferous limestone with sandstone layers; cup corals abundant....-......-.-.-.-.-------- ee ng 15 
Massiveslimestone seas ses -eyay says Sere meee we ern) Coan eee ots Stored) eel A) a ecg e epee were 6 
Shilowa cased sak year aoe Ean ome Eee RE Es See eS ie Lae Ria allt eed actos ane Losers 8 
(GloeiTes Paget os Se RS ae eee eS Ee eae i eee en pee A a OS 2 
Sandstone with large nodules and irregular masses of limestone..._..-....-.---------------------- 10 
Shale with bands of sandstone and limestone....-.....-.---..--:+------2-----------++---------- 25 
Bandedlimestones: seer = ta 52 oe ey eee ee MN Le Sie enli 2 wizia ae an ale kM ere eee 4-12 
Sottablackyshallemtossiliteno usw. gyre rw einen sean sees eae em tc URL IRs He Ta A yk es ME PR ae 28 
(QO TESS Eq ts ake a hens icteh RR Re eh ON Slt es Cea El aay Ge RR er tea ae i Bee 9 
Blackashalles tess Se - tia en See ey ures ya ies a Sic Bae LOG ners en ReneS sc eS a Veen ay 6 
Coarse grit, conglomeratic in places........------- Ee 8 NAL NTE Re ENE eee aa es RES 2-20 


Dark shale, with limestone nodules and thin seams of sandstone; runs to massive limestone in places; 


becomes red and arenaceous near Ged pase Renae te eee res toy Ne ihe SEs Bee Li cere an MIRE AN UIA seh JU 45 
(Charente aera VOR le ca Bless eS Fs TE RO A IS Cone CR eee a 
Dark-red shale, with nodules and irregular masses of limestone.._._.....-.---.-.----------------- 10 
eiMeEs tom emer met A poles = eae re ay Ao ees PEN | po d's SS ce debe ee tidte unos Gases Serta 4 
Red to black micaceous shale, with bands of sandstone near the base, and limestone nodules near the top. 12 
CLANS Gath. eres ON, Sea ek 21s SNE NE AN ALS 2 ee ee ete 10 
Redscnimandiconrlomenratesss 2 Saas fee ae te ety ee eee er tee eer eae eee eee (2) 


Crystalline rocks of the mountains. 


A small collection of fossils was also obtained from the western slope of Veta 
Pass, 5 miles above Placer, in a succession consisting of sandstones, limestones, 
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shales, and conglomerates similar to those above described. The following Upper 
Carboniferous forms were found at this locality: 


Zaphrentis sp. Hustedia mormoni Marcou. 
Orbiculoidea sp. Aviculopecten occidentalis. 
Derbya crassa M. and H. Astartella concentrica McCh. 
Chonetes granulifera Owen. Schizodus wheeleri, Swall. 
Chonetes mesolobus N. and P. Bellerophon percarinatus Con. 
Productus nebrascensis Owen. Bellerophon inspeciosus White? 
Productus costatus Sow. Soleniscus sp. 

Spirifer cameratus Morton. Conularia? sp. 

Squamularia perplexa McCh. Orthoceras sp. 

Seminula argentea Shep. 


The Millsap and underlying limestones were not found by Mr. Lee in the Culebra 
Range, although possibly there may be small outliers of them in portions of the 
range which he did not visit. The strata overlying the section given above consist 
of several thousand feet of red and gray sandstones, mostly coarse, extending to 
the base of the Morrison and representing the Sorenane formation. 

In the canyon of Cuchara River, near the north line of Huerfano County, the 
upper portion of the ‘‘ Red Beds,” few termed the Badito formation by R. C. Hills, 
isexposed. At Red Rocks, in the canyon of Purgatory River, in the northern portion 
of Las Animas County, there are extensive exposures of the ‘‘Red Beds” and an 
overlying bed of gypsum which appears to belong with them. Several hundred 
feet are exposed, consisting at the top, under the gypsum, of a coarse, conglomer- 
atic, massive, red sandstone, which merges downward into more regularly stratified 
red sandstones, with occasional layers of sandy red shales. In the uppermost sand- 
stone the writer found a small bone fragment, apparently a portion of a scapula of 
a bolodont, which would suggest that this member of the formation is of Triassic age. 


Partial section of “Red Beds” in Plum Canyon near Purgatory Rwer, Las Animas County, Colo.® 


“Dakota” sandstone: Feet. 

Two massive sandstones, with clay between.......--.:----.-----------2--------------=- Gate 10) 
Morrison formation: 

Variegated shales, with thin limestone layers...-...-.---.------------- AL kaye ens ae ee 85 
Dark shales, with irregular masses of gypsum.-.-.....---..---------+------------- Sn aee eee 1155) 
Gypsum, with:streaks of clay 2.50555 = des cheer sa eee OO nee REE ee eee ee ee a 13 
Variegated shale, with much gypsum in masses up to a foot in diameter. ..........---------------- 8 
Gypsum in layers sometimes separated by layers of clay.....-...-----.-----.-------------------- 25 
Massive gypsum. 22232). Sone = Sekeia Fo Seis oe ashe Ee Ss eee ee 5 
Red) sypsiterous!shales, soitrand mer ularly, ocd ec aes yea eee 30-40 
Red calcareous sandstone, oolitic, cross-bedded, layers variable in thickness and character, shaly near 

top, grading into gypsiferous shales “2220.5 so o52 sce aol See eae ee ee re 60 
Red sandstone, massive; cross-beddede2: 54.5. eos S22 eae nee, 175-200 
Red arenaceous shales- --- gale eine Shape mn = goede Se lai atel ale lel ac eae ete cee St 6 
Red sandstones: o/s82 5235.26 2 2 Soe Saas oo ee eee re RENE Yee 1 
Fine, red'shale- 2) 3230.24) 2.0 os sae ee ee Se ee ee eee rs ese ee 4 
Even-bedded red'sandstone.),.2...0 32 Sa 2 gee Ges a eR ae ae eer ee sel ed ise 9 
Red ‘arenaceous shale: oe8 iy. Hoss Js Sele t SU eee Oe ee Re eT at earn 2 
Red sandstone; cross-beddede = .. 2.15 .ce 52 See ee eee ee ee es ene cee 40 


“ails, R. C., Description of the Walsenburg district: Geologie Atlas U. S., folio 68, U. S. Geol. Survey, 1900. 
b Lee, W. T., Morrison formation of Colorado: Jour. Geol.. vol. 9, 1901, p. 346. 
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Feet 
Loose nec! somckione, alremmmie Van gel. 6 268 sooo dose oS eesos5 55550650 0d 505555 SO Se SEe See SES 15 
Massiviemmedi sandstone: seer stance snare tee era raver areata soepncbenedas opoedeo cae eeeeeecoe 5 
Soft red sandstone containing ripple-marked hard layers..........--.---------------------------- 30 
White, hard, argillaceous limestone, thin layers, contorted.........--.---..----------------------- 4 
Redisandstonesso tient bo uso Wiese ee eee ee ee ieee ers Stee ers ina neta hae oye a 15 


The correlation of these ‘‘Red Beds” with the Wyoming formation is reasonably 
certain when their character and relations are considered, and apparently the upper 
gypsiferous series represents the upper Wyoming. They underlie a wide area in 
southeastern Colorado and have been penetrated by some of the wells. The well at 
La Junta reached them at 605 feet and continued in them to 1,150 feet. The well 
- at Bloom penetrated them from 400 feet to 1,162 feet without reaching their bottom. 
They also appear in some of the deep canyons south of the west end of Mesa de 
Maya, but their character in that region was not ascertained. 

The ‘‘Red Beds”’ are exposed over an area of about 3 square miles in the Two 
Butte uplift on Two Butte Creek in Prowers and Baca counties. They are described 
by G. K. Gilbert,“ who estimates that over 600 feet are exhibited. The lowest 
beds are sandstones and shales, the latter predominating somewhat. Some of the 
beds are orange or yellowish. These are overlain by white limestone 5 to 10 feet 
thick, which was found to be very like the Minnekahta limestone in thin-bedded char- 
acter and general aspect in the outcrops. This limestone is overlain by brick-red 
shales about 150 feet thick, becoming sandy at the top and merging into a massive 
red sandstone over 300 feet thick, which forms prominent blufis along the creek and 
caps the butte, which was uplifted by the laccolithic intrusion of the igneous rock. 
At one place this sandstone is parted by 40 to 50 feet of shale. Parts of the sand- 
stone are buff, yellow, or gray, and somewhat resemble the ‘‘Dakota” sandstone, 
for which it has been mistaken here and elsewhere. It is, however, separated from 
the ‘‘Dakota”’ and probably represents the Exeter sandstone of Mr. Willis T. Lee, 
which appears to the south along Cimarron River. 


CRETACEOUS SYSTEM. 


Morrison formation.—This formation extends along the base of the Rocky. 

Mountains, where it outcrops frequently and presents very characteristic features. 
In a few localities, as along the foot of Cheyenne Mountain and south of Canyon, 
it is cut off by faults and for short distances it is overlapped by younger formations. 
It is also exposed in some of the canyons eastward, notably in the deeper ones of 
eastern Las Animas County. Its general character is nearly uniform throughout, 
consisting of light-colored massive clays, or ‘‘joint clays,” with thin beds of lime- 
stone and sandstone of, fresh-water origin, containing bones of saurians of the 
so-called “‘Atlantosaurus fauna.’ Its thickness averages less than 200 feet in 
most cases. It presents frequent and rapid variations in the local succession of 
beds, but the preponderance of ‘‘joint clays” of chalky aspect and the occurrence 
of maroon and purplish layers among them are characteristic features. The name 
Morrison was given by Eldridge, from the town of Morrison, where the formation 
is extensively developed. The Morrison beds lie unconformably on the Chugwater 


aGilbert, G. K., Laccoliths in southeastern Colorado: Jour. Geol., vol. 4, 1896, pp. 816-825. 
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or gypsiferous ‘‘Red Beds’ for many miles, and, southwest of Colorado Springs, 
overlap onto the ‘‘ Red Beds” of the Fountain and Badito formations. In eastern 
Las Animas County they lie on a bed of gypsum. From the saurian remains which 
have been obtained so abundantly from the Morrison beds west of Denver and north 
of Canyon, the formation is regarded as latest Jurassic by some paleontologists and 
as earliest Cretaceous by others, but from its close connection with the overlying 
sandstone, the writer considers it preferable to class it as Cretaceous. 

The formation is well exposed a short distance north of the Gateway to the Garden 
of the Gods, where its thickness is 130 feet. The basal beds here lie on the thick 
deposit of gypsum at the top of the Chugwater formation and consist of ash- 
eray, massive shales with several thin limestone layers and a few streaks of shales 
with clay pebbles. These grade up into typical pale, greenish-gray and maroon, 
massive clays with a few thin layers of fine-grained, light-colored sandstone 
abruptly overlain by coarse-grained, buff-colored ‘‘Dakota” sandstone. At 
Colorado City the Morrison beds are exposed only in part im the railroad cut, the 
top and bottom members being covered by talus. The beds stand nearly or quite 
vertical. To the west are 55 feet of pale greenish-gray, sandy shale, mostly massive, 
with thin layers which are overlain (to the east) by a 15-foot bed of soft, pale greenish- 
gray sandstone. The formation is cut off by the fault south of Colorado City, but 
reappears in the embayment north and northeast of Canyon. In Garden Park, 
on Oil Creek, it has a thickness of about 350 feet, according to Cross,”% and consists 
mainly of greenish, pinkish, or gray shales or marls with sandstone layers at various 
horizons. It usually lies on the Fountain formation, but overlaps locally onto the 
eranite. In this region the formation has yielded large numbers of dinosaur remains. 

Hatcher > has described the Morrison formation and its relations in the Garden 
Park area and given some details regarding the fossiliferous horizons. He esti- 
mated the thickness at 450 feet, placing the upper limit higher than Cross did, so 
as to include the highest sandstones and shales containing dinosaur remains. 
The bones have been obtained in largest number from a thick sandstone layer about 
150 feet above the base of the formation shown in Pl. X, B, but some occur 
30 feet below this stratum and others have been found at various horizons above, 
both in shale and in sandstones. Just below the main bone-bearing sandstone bed 
there is a layer of clay with thin limestone beds containing numerous fresh-water 
gasteropods, and at a somewhat lower horizon, a marly layer with abundant remains 
of unios. These shell fossils have been described by C. A. White, who classes them 
as Jurassic because they occur with supposed Jurassic dinosaurs, but states that 
otherwise they might be much younger, so that they throw no light on the age of 
the beds. The late J. B. Hatcher found an Inoceramus at the Garden Park locality. 

Near Canyon there are excellent exposures of Morrison formation on the west 
slope of the ‘“‘hogback.’”’ At the top are alternating sandstones and shales, 150 feet 
thick, lying on purple and green shales 160 feet thick, at the base of which there is 
a prominent layer of limestone 4 feet thick, which contains many fresh-water shells. 
Below this are 40 feet of pale bluish-green massive shales lying on sandstones. The 


a Cross, Whitman, Description of the Pikes Peak district: Geologie Atlas U. S., folio 7, U. S. Geol. Survey, 1894, p. 2. 
b Hatcher, J. B., Annals Carnegie Museum, vol. 1, 1901, pp. 327-341. 
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A. DAKOTA SANDSTONE IN HOGBACK RIDGE 2 MILES SOUTHWEST 
OF CANYON, COLO. 


Looking north. Shows upper and lower sandstone members with intermediate shales. 


B. BONE-BEARING SANDSTONE IN MIDDLE OF MORRISON FORMATION IN GARDEN PARK NORTH OF CANYON, COLO. 


Photograph by |. C. Russell. 
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total thickness appears to be nearly 400 feet. Four miles south of Canyon the 
formation lies directly on granite, as shown in Pl]. XVII, B, and described on page 42. 

Six miles south of Canyon the Morrison beds are faulted out, or overlapped by 
younger strata, and do not reappear until in the vicinity of Mineral Creek south of 
Florence, whence they extend southward into North Creek Valley. According to 
Mr. G. K. Gilbert, the ‘‘ Dakota” sandstone lies directly on the Fountain formation 
north of Beulah for several miles, but probably the Morrison beds formerly covered 
the region and were removed by pre-‘‘ Dakota” erosion. The Morrison beds appear 
south of Beulah, where, as described by Mr. Gilbert,* they consist chiefly of red 
shale with a few layers of hard, red sandstone beds about 70 feet thick. They are 
faulted against the gneiss and also overlap onto that rock for a portion of their 
course; near the contact they are paler in color, white and orange predomi- 
nating, and no reds appear. The formation comes up again for 5 miles at the south 
end of Greenhorn Mountains, lying partly on gneiss and partly on the ‘“‘ Red Beds.” 
Its thickness here, according to Hills,? is 270 feet, the lower portion consisting of 
about 60 feet of soft white sandstone, conglomeratic at base. _The middle portion 
is a series of pinkish and greenish massive clays, and the upper beds are variegated 
shales and clays, alternating with bands of fine-grained limestone often containing 
vermilion-colored cherts. Hills states that there is considerable doubt as to the 
true position of the formation in the time scale, but assigns it provisionally to the 
Jurassic. 

Mr. Willis T. Lee has made a special study of the Morrison formation in the 
southern Colorado region,’ and his work has thrown much light on its distribution 
and components. He describes its continuation southward along the foot of the 
Rocky Mountains west of the Spanish Peaks into New Mexico and its existence in 
the deep canyons of Las Animas County, Colo., and southward. He has found 
that it presents its usual characteristics, regular stratigraphic position and dinosaur 
remains. The first exposures east of the foot of the mountains are in Cuchara and 
Huerfano canyons in western Huerfano and southern Pueblo counties, where Hills 
reports the formation as 100 feet thick and consisting of variegated shales and clays 
alternating with layers of fine-grained limestone. In Apishapa Canyon north of 
Thatcher the typical Morrison is reported by Lee, underlying the ‘‘ Dakota” sand- 
stone. There are extensive exposures in Purgatory and adjacent canyons where 
the “Red Beds” are uplifted. Mr. Lee gives the following section, in Plum Canyon 
near its mouth: 


Geologic section of Morrison formation in Plum Canyon, Las Animas County, Colo. 


“Dakota”: Feet. 


IMassin crs dstOMe State: meee ape heme Ea ie cm RL oe gees Soh SNe che ek arse bimiaw es mares 2 140 
Morrison: 

Greenishtclayzandishalessoftrand(fmereraimeds2-- see 2a22 2] 2 oe fase ees eee] e ese 11 
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a Gilbert, G. K., Description of the Pueblo quadrangle: Geologic Atlas U. S., folio 36, UL. S. Geol. Survey, 1897. 
b Hills, R. C., Description of the Walsenburg district: Geologic Atlas U. S., folio 68, U. S. Geol. Survey, 1900. 
cLee, Willis T., Jour. Geol., vol. 9, pp. 343-352; vol. 10, pp. 36-58. 
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Morrison—Continued. ; Feet. 
Buff-colored:shale. 2 - o:5 cd sere see eg Sot 5 ake Ses fh ey aa 13 
Argillaceous limestone; fine, ‘darks lamar. =o 2) eee ee 3 
Wariecated!joimtclays.2. 22a ee SER ee = 2a Sep eee ee re ar eer ere ee 18 
Argillaceous limestone, fine grained and hard with contorted lamine__................-.-.----- 2 
Variegated\shales, very soft... =. 05.2055. Joo 2 Set oe es ee ee eee eee 30 

“Red Beds’’?: 


Dark shale and gypsum on Red Beds. 
Lee gives the following section in Red Rock Canyon, a small side canyon of 
Purgatory River: 


Geologic section of Morrison beds in Red Rock Canyon, Las Animas County, Colo. 
“Dakota:” 


Feet 

Massive sandstone. -.2..515. 2222 Sac. e de 2 See ep eee ee SCC Oe ae eee eee eee 
Morrison: ; 

Brick-red sandy shale, with bands of hard, fine-grained sandstone. _--.-..--.---------------- 25 
Reddishivlimestone: conchoidaliiractures =o ——-peeee ee eee eee eel tenes eee ee 3-5 
Soft; dark, clay*shale 2.024 32.085 4asc65-- be Eee ER Se Ra a EN oes Eon AS 30 
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Variegated joint’ clay=<.J2222 2522 245.2 222 Sate a er ee ea i 
Yellow paperishale 2.2227 s coceie eae ES Pee Sy ce ee ey ee 3 
Argillaceous limestone; thin layers. 22.5 See See ie aoe ag ee ee 3 
Finite shale). 00.27 oS. Sake oe ES Soe en et 14 
White limestone. 223.08: 22.8 sole: SSSR eee ee ey ae ee 1 
Variegated) clay ishale...:.2 22.0420 Sh aces Ste Meese Sete ee eee ee 15 
Argillaceous limestone; thin layerse---(2-2-)9= 0 eee ee 2 
Yellow shale 


4 
Sandstone, with ‘agate:masses:- 2522. Sa. ote cake ee Sete ee ae Se cree a re eee 1 
Soft, thin-bedded'sandstome! os. s0 1s 2200010) ONE Be Rees I pe a de oh eee tee ee eee 8 
Soft massive sandstone \ 2 
2 
7 


Paper shale 
Soft massive sandstone 


“Red Beds:” 
Gypsum and ‘clay on red sandstone: .. 25-0 -escc et Stee eee ee eee ee eee 12-20 


In this canyon the thickness is 132 feet;. in Chaquaqua Canyon, 10 miles from 
the mouth of Plum Canyon, it is 175 feet(by barometer), and the predominating 
material is a variegated clay shale popularly termed ‘‘joint clay.”’ Lee says: 


A subordinate amount of sandstone occurs in places, but there seems to be no particular horizon at which 
this is likely to be found. In Red Rocks Canyon it occurs at the base; in Plum Canyon none is found; in a 
side gulch east of Plum Canyon a brecciated layer occurs near the top containing angular fragments one-fourth 
inch in diameter; in Chaquaqua Canyon, 4 miles from the mouth of Plum Creek, a coarse, cross-bedded sand- 
stone layer 15 feet in thickness occurs about 50 feet from the top; just across the canyon from this point, 
perhaps 2 miles distant and at the same horizon, about 30 feet of limestone is found in place of the sandstone. 
In many places the sandstones are friable and composed of nearly pure quartz. * * * The occurrence 
of the limestones, most of which are more or less argillaceous, is as erratic as that of the sandstones. The 
relative amount and position of sandstone, shale, and limestone vary locally. 


Dinosaur bones were observed by Mr. Lee in the shales at nearly every horizon, 
but no invertebrates were found. It is reported that the formation is sharply sepa- 
rated from adjoining formations, but without evidence of unconformity by erosion. 
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THE STONEWALL ON PURGATORY RIVER WEST OF TRINIDAD, COLO,; A MONOCLINAL 
RIDGE OF ‘*DAKOTA” SANDSTONE. 


A, Looking west to Culebra Range. B. Looking south, showing red valley to right and valleys of Graneros 
and overlying shales to left. 
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COMANCHE AND ‘‘DAKOTA’’ BEDS. D5) 


The gypsiferous shales appear to be distinct, and are regarded as a portion of the 
“Red Beds.”’ The formation extends down Purgatory River to the west line of 
Bent County, where it passes beneath the ‘‘ Dakota” sandstone. In Muddy Creek 
Valley, in the southern corner of Bent County and the adjoining portion of Las 
Animas County, the Morrison formation is bared of ‘‘Dakota”’ sandstone over an 
area of several square miles in which the same general features are presented as in 
Purgatory Valley. It again appears in Longs Canyon, and the writer found it 
apparently exposed in the Two Butte uplift on Two Butte Creek, where it is thin, 
but consists of gray and purplish clays with layers of light-colored sandstones and 
limestones overlying buff and red sandstones at the top of the “Red Beds.” Ina 
paper presented to the Geological Society of America, in December, 1902, Mr. Willis 
T. Lee announced that he had traced the formation eastward down the Cimarron 
Valley into Oklahoma. 

Comanche serics.—This series was first discovered” in Colorado on Two Butte 
Creek, 5 miles east of Two Butte, and during the summer of 1905 Mr. T. W. Stanton 
and Mr. Willis T. Lee found Comanche fossils in the fire clay lying between the two 

_sandstones of the ‘‘ Dakota” in Purgatory Canyon south of La Junta, while later Mr. 
Stanton found them in the same position west of Canyon. This important discovery 
indicates a wide extension of the formation to and along the Rocky Mountain Front 
Range, constituting the middle and lower portions of the “ Dakota”’ formation. 
At the Two Butte Creek locality the creek crosses a low anticline in which the 
upper member of the “‘ Dakota”’ sandstone is seen to be underlain by 20 feet or more 
of sandy shales containing numerous Gryphxa corrugata Say, a fossil characteristic 
of the upper part of the Comanche series. The locality is just above Mechling’s 
ranch, in bluffs along the south bank of the creek. Doubtless the Comanche beds 
underlie the greater part of Baca County, for they have been discovered by Mr. 
Willis T. Lee along the Cimarron near the New Mexico-Oklahoma line. Possibly 
they are exposed along Bear and Horse creeks, but these streams have not been 
especially examined for outcrops of beds underlying the top ‘‘ Dakota” sandstone. 

“ Dakota”’ sandstone.—Under this heading will be described the entire sandstone 
succession overlying the Morrison formation, for this always has been known as the 
“ Dakota” sandstone or “‘ Dakota” formation. It generally consists of two bodies of 
sandstone, each a hundred feet or more in thickness, separated by a deposit of clay or 
shale from 10 to 15 feet thick. This clay in the Golden region and the top sand- 
stone at various localities have yielded abundant plant remains of the Dakota 
flora (Upper Cretaceous). The tripartite succession strongly suggests the Dakota 
sandstone, Fuson clay, and Lakota sandstone of the Black Hills, and the Lower 
Cretaceous age of the two latter, at least in southeastern Colorado, is proved by the 
occurrence of Comanche fossils in the fire-clay member, as described in a preceding 
paragraph. 

The ‘ Dakota” sandstone is remarkably uniform in character throughout 
eastern Colorado. The sandstones are mostly hard and.massive, giving rise to a 
well-marked hogback range along the foothills (Pls. V and IX, B) and plateaus, with 
steep-walled canyons in the southeastern part of the State (Pl. IV, B). The pre- 
dominating color is light buff, but some portions are light gray or white, and 


@Decsribed by N. H. Darton, in Science, vol. 22, p. 120, 1905. 
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darker tints are not infrequent, especially in the upper beds. Cross-bedding is 
almost general and conglomeratic streaks are frequent, especially at or near the base 
of the lower sandstone. The contact with Morrison beds is abrupt and often presents 
evidence of slight unconformity by erosion. There is often a rapid change to Benton 
deposits, but in most areas there are a few feet of transition beds consisting of an 
alternation of shales with thin-bedded brown sandstones. The lower sandstone 
member is thicker than the upper, often somewhat softer, and it contains shale 
partings at some localities. The middle shale member appears to be present through- 
out, but generally it is covered by talus. It is well shown in Pl. X, A. In the 
Garden of the Gods region Doctor Peale reports a thickness of 257 feet, consisting 
of 200 feet of massive sandstones above, underlain by a finer-grained sandstone, 
in part yellow, containing fragments of Lingula and a lignitic layer with vegetal 
fragments. The writer’s measurement in vertical beds near the Gateway gave 
considerably less thickness, and the formation was found to consist of two massive 
beds of sandstone, apparently with a thin series of shales between. The great 
fault cuts off the formation southwest of Colorado Springs, but it appears again in 
.the region of Canyon, where Cross describes it as having a thickness of 300 feet and 
as consisting mainly of pure white or gray sandstone, usually friable, of uniform 
texture, with a thin basal conglomerate. Dark shale layers are reported midway in 
the formation in which, in the summer of 1905, T. W. Stanton found Comanche 
fossils. Fossil leaves are said to occur in thin layers at various horizons. 

‘“‘Dakota”’ sandstone is prominent at the foot of Wet Mountains southwest of 
Pueblo, as described by Mr. Gilbert.” Its greatest measured thickness is 650 feet, 
near Beulah, where it consists almost entirely of sandstone; elsewhere in the area it 
contains beds of shale and is 300 to 350 feet thick. The basal portion usually is 
conglomeratic, sharply separated from the Morrison clays and the Fountain forma- 
tion, which it overlaps locally. At the top there is a transition into the Benton 
(Graneros) shales, through an alternation of shale and thin-bedded, brown sand- 
stones. ; 

In the northern portion of Huerfano County and along the foot of Greenhorn 
Mountain the formation is described by Hills as consisting of 350 feet or more of 
sandstone, of which the lower two-thirds consists generally of a yellowish-gray rock 
of coarse, porous texture, with some layers of fine conglomerate, commonly cross- 
bedded. This lower member is separated from the upper one by gray shales 8 to 10 
feet in thickness. The upper sandstones aggregate 100 to 150 feet in thickness, are 
light gray, and of fresh, fine-grained, close texture, regularly bedded. The formation 
lies in part on the Morrison, but in places along the mountain front overlaps the 
granites and schists. In the canyons of Cuchara and Huerfano rivers it lies nearly 
level and presents steep canyon walls surmounting slopes of Morrison clay. The 
‘“Dakota”’ sandstone is a prominent feature in the foothills extending between 
Spanish Peaks and the Sangre de Cristo Range, appearing for many miles as a vertical 
“‘stone wall”’ rising high above the adjoining softer beds. 

In the extensive exposures of ‘‘Dakota’’ sandstone in the eastern half of Las 
Animas County is presented a regular succession of the two massive sandstone layers 
with their intervening shales or fire clay containing Comanche fossils. Referring 


2Gilbert, G. K., Description of the Pueblo quadrangle: Geologic Atlas U. S., folio 36, U. S. Geol. Survey, 1897, p. 6. 
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A, GREENHORN LIMESTONE NEAR THATCHER, COLO. 


Typical view showing limestone with interbedded black shales. Base of this formation is about 200 feet above water-bearing Dakota sandstone, 


B. TIMPAS LIMESTONE IN QUARRY SOUTHEAST OF LA JUNTA, COLO. 


Shows thickness of beds and intercalations of shale. 
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to the formation in Purgatory Canyon, near longitude 104°, Hills states that the 
thickness is about 375 feet, and that the lower two-thirds consists of massive, mostly 
cross-bedded sandstones, with a few shale partings between the beds and more or 
less fine conglomerate. This basal member is overlain by a layer of fire clay, the 
position of which is marked by a narrow shelf due to the projection of the under- 
lying sandstone. The upper sandstone is grayish white, thinner bedded, with more 
numerous shale partings and generally finer grain and more compact than the lower, 
more porous sandstone. These features prevail over the wide area of ‘‘Dakota”’ 
outcrop in southeastern Colorado, in Baca, Prowers, and Bent counties, but with 
many variations of thickness and local details of stratigraphy. In the vicinity of 
the Two Butte uplift the sandstone has been extensively eroded over an area about 
a mile square. The buttes are capped by a thick, massive sandstone (Exeter ?), 
which is the upper member of the ‘‘ Red Beds’’ and is separated from the ‘‘Dakota”’ 
sandstone by supposed Morrison shales and limestones. 

Graneros shale——This shale, which is the basal member of the Benton group, 
underlies a large portion of eastern Colorado. It outcrops in a narrow zone along 
the foothills of the Rocky Mountains and in broader areas on the flanks of the anti- 
clines in Pueblo, Huerfano, and Las Animas counties, and along the Arkansas 
Valley east of La Junta. Its thickness generally averages 200 feet, and it appears 
to be perfectly conformable to the adjoining formations. Usually there are a few 
feet of transition beds to the “ Dakota”’ sandstone at its base and to the overlying 
Greenhorn limestone. The shale is mostly hard and fissile; its color is bluish gray, 
darkest in the middle and slightly lighter in the upper and lower beds. Thin beds 
of white clay occur locally. In the region south of Pueblo the formation contains 
a layer of limy sandstone 1 to 2 inches thick about 50 feet below the top of the 
formation. It contains fossil shells of several species. Concretions of carbonate of 
lime occur at various levels in most localities, especially 20 to 30 feet above the base 
of the formation. In some districts this horizon of concretions changes into a layer 
of dark-gray limestone, 8 inches to a foot in thickness, which weathers to a bright- 
orange color. In general the formation appears in gentle slopes of gray clay, with 
occasional concretions, and in some recently cut banks the shaly character of the 
less weathered material is apparent. In most of the Arkansas Valley region the 
thickness varies only from 200 to 210 feet, but north of Canyon it is between 325 and 
350 feet, and 3 miles south of that city it 1s 250 feet. The limestone layer occurring 
30 feet above the base of the formation is most conspicuous in the region east and 
northeast of Trinidad, where its thickness is 1 to 2 feet. It is hard and of concre- 
tionary structure. It weathers to a bright-orange color, so that it is a conspicuous 
feature. 

Greenhorn lvmestone——This medial formation of the Benton group outcrops 
along the margin of the Graneros shale area above described. Its thickness varies 
from 30 to 50 feet. It consists of beds of pale bluish-gray, fine-grained, compact 
limestone, mostly 3 to 10 inches thick, separated by dark-gray shales 4 to 18 inches 
thick. (Pl. XII, A.) These intermediate shale beds are usually thicker where the 
formation is thickest. The limestone has a strong tendency to split with vertical 
cleavage into small slabs one-fourth inch to 2 inches in thickness, which form a con- 
spicuous feature on the slopes. At most localities the formation grades into the 
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adjoining formations through a few inches of passage beds. A few thin beds of 
white clay have been reported as occurring in the formation at points in the vicinity 
of Pueblo. Most of the limestone beds contain an abundance of a highly characteris- 
tic fossil, Inoceramus labiatus. This form is represented by casts and impressions 
often closely packed together in some of the layers. The appearance of this fossil 
is shown in Pl. XIII, B. It is not known to occur in any of the formations. In 
the shales between the limestone layers a somewhat similar fossil occurs, often in 
considerable abundance. In most districts the ledges of Greenhorn limestone give 
rise to low mesas or shelves in the slopes and often bear a scattered growth of 
cedars and pifons. The thickest development of the formation is 2 miles north of 
the city of Canyon, where it is 60 feet thick, while in Webster Park it is not over 10 
feet thick. : 

Carlile formation.—The Carlile formation, which consists mainly of shale, out- 
crops along the foothills of the Rocky Mountains in the anticlinal area west, south, 
and southeast of Pueblo, along the north side of the Purgatory Valley northeast of 
Alfalfa, and down the north side of the Arkansas Valley below La Junta. Small 
areas occur on divides southeast and southwest of Lamar. The formation consists 
mainly of shale of dark-gray color, averaging 200 feet thick. The middle beds are 
usually the darkest, some of them being black. At the top there is a bed of sand- 
stone varying in thickness from a few inches to 20 feet, the amount increasing to the 
- west. In the same direction, also, the upper fourth of the formation becomes 
somewhat more sandy and occasional thin beds of sandstone appear. In these 
sandy beds occur numerous oval and globular concretions which often attain a 
diameter of 1 foot to 5 or 6 feet. Most of them are traversed by cracks filled with 
wine-colored calcite. The top sandstone averages 10 to 20 feet in thickness west of 
longitude 104° and attains a maximum of 30 feet at Greenwood on Hardscrabble 
Creek, and near Chandler, south of Canyon. Near La Junta it is 3 feet thick, having 
the relations shown in Pl. XV, B. Usually it is soft, somewhat mixed with sandy 
shale and of yellowish color. The fossil known as Pugnellus occurs abundantly 
in the formation in the southwestern portion of the area. At the top of the Carlile 
formation in the southern and central portions of the region to which this report 
relates there is a purplish limestone 6 inches to 2 feet in thickness, in which the large 
coiled shell Prionocyclus wyomingensis is of frequent occurrence. From 50 to 75 
feet above the base of the formation in most districts, especially to the east, a thin 
limy layer containing fossils is often found. 

Timpas limestone-—The Timpas limestone is the lower member of the Niobrara 
group. Its thickness varies from 175 to 200 feet, and it consists of a basal limestone 
with overlying alternations of limestone and shale, all of light color. It is a con- 
spicuous formation in eastern Colorado, underlying all of the region east of the 
Rocky Mountains, except on the anticlines south and southeast of Pueblo and along 
the Arkansas Valley east of La Junta. In the region east of Colorado Springs it les 
deeply buried beneath younger formations, but it appears extensively in the Arkan- 
sas Valley and in a broad belt extending across the eastern parts of Huerfano and 
Las Animas counties. A small outlier appears on the high ridge 25 miles southwest 
of Lamar, and there is continuous outcrop of the formation along the north side of 
the Arkansas Valley east of Rocky Ford. At the base of the Timpas there is a lime- 
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stone series about 50 feet thick, which usually outcrops ina ledge or rocky slope of 
considerable prominence. (Pl. XII, B,and XV, B.) It consists of beds in layers, 
mostly 6 inches to a foot in thickness, separated by 1 to 2 inches of light-gray, cal- 
careous, limy shale. The limestone is white, or of a very light-gray color, becoming 
creamy white on weathering. It is compact, fine grained, and has an easy conchoidal 
fracture rudely parallel to the bedding. Owing to the latter property it usually 
weathers into flat flakes 2 or 3 inches long, differing in this respect from the Green- 
horn limestone, which cleaves into vertical flakes. The lighter color is also a dis- . 
tinguishing feature. In the eastern portion of the area the rock has a more chalky 
texture. In the lower beds small nodules of a form of iron sulphide known as 
marcasite occur, which usually weather out as liimonite. These are of dark-brown 
color and spherical or cylindrical in shape, usually one-fourth to three-fourths inch 
in diameter. These often accumulate in- considerable number on the weathered 
surfaces. The limestone contains a characteristic fossil known as IJnoceramus 
deformis, which occurs scattered at intervals through the beds. The shell is 
thick, has a roughly corrugated surface, and its larger valve has a shallow cup 
shape. Occasionally shells of a small oyster, Ostrea congesta, occur upon it, but 
these are also sometimes found separately. Much of the limestone consists of 
minute organisms known as foraminifera, which are plainly visible when thin slices 
of the rock are examined under the microscope. Above the basal limestone are 
about 100 to 150 feet of calcareous shale of light-gray color, containing occasional 
thin beds of grayish-white limestone. Toward the top of this member there are two 
or three thicker, persistent layers of limestone, 12 to 18 inches thick, separated 
by a few feet of shales and marking the top of the formation. 

- Fossils occur in the upper shales, consisting mostly of a very broad, flat Inocera- 
mus, usually covered by Ostrea congesta. In the Pueblo region the lowest stratum 
of the limestone is an impure sandy limestone 1 to 2 feet thick, of dark-gray color, 
which weathers to a yellowish-brown tint. It éontains teeth of sharks and other 
_ fishes and numerous dark pebbles half an inch in diameter. ; 

Apishapa formation.—In southern Colorado the upper part of the Niobrara 
group has been separated as the Apishapa formation. It consists mainly of shale 
and calcareous shale, with a few layers of cream-colored limestones at the top. The 
thickness varies from 400 to 700 feet, but averages about 450 feet in the greater part 
of the region. Many of the shales vary in color from light gray to dark gray and 
are sandy, with intercalations at intervals of dull-gray to cream-colored limy shales 
and impure limestones. The most persistent lime deposits are an alternation of 
yellow limestones and light bluish-gray limy shales 10 to 20 feet thick, marking the 
top of the formation. The lowest beds are mostly dark fissile shale about 50 feet 
thick. These are followed by about 100 feet of soft, papery shales of dark-gray color. 
The middle portion of the formation is decidedly sandy, while the upper 100 feet of 
the formation, especially in the region between Pueblo and La Junta, consists of 
dark bluish-gray fissile shale, containing two and sometimes three horizons of cream- 
colored limestone. At various horizons in the formation, especially toward the top 
and eastern part oi the district, calcareous concretions occur. They are usually of 
considerable size and of lens shape. In some areas they give place to thin layers of 
concretionary limestone, which are of sufficient hardness to form ledges or low hills in 
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the smooth slopes of the adjoining beds. In the region north and east of Trinidad 
the Apishapa formation consists of about 40 feet of dark-gray to blue-gray shales 
at the base, followed by 90 feet of soft, papery shales, which grade upward through 
the blue, sandy shales into alternations of limy and sandy shales. Near the middle 
of the formation these sandy shales become coarser and flag-like, constituting about 
one-third of the formation. This member is usually somewhat bituminous. The 
upper 100 feet resembles the basal portion, but includes two.and in places three 
thin layers of limestone and lens-shaped concretions of impure limestone. The 
fossil remains consist of fish scales, which are generally abundant in the shales and 
sometimes in the coarser flag-like layers. Crustacean tracks also sometimes occur. 
Fish scales from half an inch to an inch in diameter are usually abundant. Portions 
of the Apishapa beds weather to a bright-straw color, which is a conspicuous feature 
in its outcrops. Ostrea congesta is a characteristic fossil, usually closely packed 
in masses a foot or more in diameter, and is from half an inch to an inch thick 
(PL SXcnE eA : 

Pierre shale.— The calcareous deposits of the Niobrara group are succeeded by 
a great thickness of the dark-gray Pierre shales. These underlie the deep structural 
basin extending from east of Colorado Springs south to the Arkansas Valley between 
Pueblo and Manzanola, the Florence basin, and the deep syncline in central Huerfano 
and Las Animas counties. Their thickness is over 3,000 feet in the district east of 
Colorado Springs and about Florence, but the amount diminishes to the south and 
is not more than 1,600 feet in the vicinity of Trinidad. In the vicinity of Arkansas 
River below Pueblo several distinct zones have been recognized in the formation. 
The lower beds for a thickness of 400 to 500 feet are of medium-gray color and yield 
no fossils. They contain much selenite in minute flakes. Next above is a zone of 
similar-colored shales containing less selenite and characterized by a great abundance 
of oval concretions, usually 4 to 8 inches thick and 1 to 2 feet long. These are fine 
grained, dark gray in color, and consist of carbonate of lime and carbonate of iron. 
On weathering these concretions break into small angular fragments of dark rust- 
brown color, which are often so abundant on the slopes as to give them a reddish 
color. On this account the beds have been called the ‘‘ Rusty zone.” Their thickness 
is about 600 feet. Beginning in the top of this zone and extending upward 100 to 
200 feet is a noticeable abundance of fossils known as Baculites compressus. Their 
form is that of a flattened cylinder, slightly tapering, and sometimes showing the 
remains of the shell. They are often a foot in length and 2 inches in diameter, but 
most of them are smaller. This form occurs at other horizons, but is most abundant 
here. Next above the ‘‘ Rusty zone” are shales of somewhat lighter color, in the 
upper portion of which occur masses of limestone, often constituting small conical 
hills, or ‘‘tepee buttes,’”’ as they have been termed (Pl. XV, 4). These limestone 
masses consist of coarse-textured, gray, fossiliferous rock, often rudely cylindrical 
in form and standing vertical within the shale mass. Ordinarily they are 5 to 30 
feet in diameter and of considerably greater length. As they offer more resistance 
to erosion than most of the adjoining shales, the core and the fragments of rock 
derived from it often rise in conical hills 25 to 50 feet above the surrounding surface. 
Fossils occur in the limestone in considerable variety, but the most abundant 
species is a small oval bivalve known as Lucina occidentalis. The zone of the tepee 
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buttes is apparently several hundred feet thick, but its precise stratigraphic limits 
could not be determined. In this zone there also occur smaller lens-shaped lime- 
stone, concretions, 6 to 12 inches thick and 1 to 3 feet in diameter, containing large 
numbers of beautifully preserved fossils of various kinds. In many cases the 
original shell is preserved, retaining its original pearly luster. Above the tepee 
zone the shales become darker, are less fossiliferous, and contain fewer concretions. 
The amount of selenite in small crystals increases considerably. The top of the 
formation is somewhat indefinite, the shales gradually giving place to sandy beds. 
In the region between Walsenburg and Trinidad the basal and upper zones weather 
to a yellowish-green color; the middle zone is dark gray and lead gray, occasionally 
almost black. The latter zone contains an abundance of lime and iron concretions, 
which break up readily and impart a rusty tint to the surface. 

An analysis of a typical sample of tepee rock, made by Dr. W. F. Hillebrand,@ 
of the United States Geological Survey, is as follows: 


Analysis of limestone in tepee core. 
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The limestone constituting these tepee cores bears a marine fauna. Lucina 
occidentalis is the most abundant molluscan species, forming a leading constituent 
of the rock. Jnoceramus is rather common and cephalopods occur in considerable 
variety. Foraminiferal forms frequently disclose themselves under the microscope. 
The occurrence of fossil wood has also been reported from some of the cores. The 
following is a list of the molluscan species determined by T. W. Stanton, from speci- 
mens.collected by Mr. Gilbert: 


Ostrea inornata M. and H. Scaphites nodosus Owen (?) 

Tnoceramus crispii var. barabini Morton. Scaphites nodosus var. quadrangularis M. and H. 
Inoceramus vanuxemi M. and H. Scaphites nodosus var. brevis Meek. 

Tnoceramus sagensis Owen. Ptychoceras crassum Whitfield. 

Lucina occidentalis var. ventricosa M. and H. Heteroceras (Hxiteloceras) cheyennense M. and H. (2). 
Thetis circularis M. and H. Heteroceras (Didymoceras) nebrascense. 

Anchura (Drepanochilus) americana HE. and S. Heteroceras (Didymoceras) cochleatum M. and H. (2). 
Nautilus dekayi Morton. Heteroceras sp. undet. 

Baculites ovatus Say. Helicoceras sp. undet. 

Baculites compressus Say. 


aGilbert, G. K., Description of Pueblo quadrangle: Geologic Atlas U. S., folio 36, U. S. Geol. Survey, 1897, p. 7. 
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Fox Hills sandstone.—The Pierre shale gives place abruptly to several hundred 
feet of sandstone which are supposed to correspond to the Fox Hills formation. 
These sandstones are most extensively exhibited in the region about Walsenburg 
and Trinidad, where they are of sufficient hardness to give rise to a prominent 
escarpment, extending from the south side of the Huerfano Valley to the Raton 
Mesa. In this district they are known as the Trinidad formation, which here 
consists of a lower member, 85 to 90 feet thick, of thin-bedded, fine-grained, dark- ~ 
gray sandstone in layers 2 to 4 inches thick, with thin shale partings, and an upper 
member, 75 to 80 feet thick, of greenish-gray, heavy-bedded, massive sandstone 
which weathers to a light-gray color. This upper bed is characterized by numerous 
remains of the fossil Fucoid halymenites, which is easily recognized by the pitted 
cylindrical casts of the branching stems. In the lower beds occasional poorly 
preserved baculites are found. The total thickness of the formation is about 150 
feet in the vicinity of Trinidad and about 170 feet near Walsenburg. At its top 
there are usually a few feet of brown sandstone in contact with the overlying Laramie. 
Near Trinidad the thin sandstone layers of the lower member rarely exceed 3 inches 
in thickness, except near the base, where there is a prominent bed of coarser sandstone 
3 to 5 feet thick. These beds become thicker and coarser northward, and to this 
is due the expansion of the lower zone. In the district east of Colorado Springs 
there is only a small thickness of sandstone between the supposed top of the Pierre 
shale and the lowest coal beds, so that there the representative of the Fox Hills is 
but scantily developed, unless possibly there should be comprised in it some of the 
underlying shales; similar conditions prevail in the eastern portion of Elbert County 
and the northern portion of Lincoln County, where the Fox Hills formation has as 
yet not been differentiated. In the Florence basin the formation consists of about 
400 feet of sandy shales, with a few limestone concretions, capped ay a persistent 
bed of yellow foes nee sandstone 10 to 50 feet thick. 

Laramie formation.—The Laramie formation occurs in three areas in the district 
to which this report relates. One is in the wide, shallow syncline east of Colorado 
Springs; the second is in a long, deep syncline south and west of Trinidad and 
Walsenburg, and the third is in the deep but small syncline near Florence. The 
rocks are sandstones and shales, and among them at various horizons, especially 
in the lower beds, are extensive deposits of lignite. The sandstones are mostly 
massive, soft, rad yellowish, 10 to 20 feet thick, with intervening bodies of shales, 
which are renee sandy and carbonaceous. The thickness varies from 1,000 i 

2,500 feet. The Laramie rocks in the basin east of Colorado Springs have not been 
studied in detail, but in general they present the characteristics above mentioned. 
The coal is worked from lower beds at several points north, east, and southeast 
of the city. The Laramie area extends east into the northern portion of Lincoln 
County, but its limit in that direction was not accurately ascertained, owing 
mainly to the cover of surficial formations. 

In the Florence district the Laramie is composed of a succession of heavy bedded 
sandstones with intercalated shales, and in the lower portions there are beds of 
workable coal. These sandstones form an escarpment surrounding the mesa 
southwest of Florence and constitute one or two small outliers, one of which is 
known as Castle Rock. In this basin there is more sandstone than shale in the 
Laramie formation. 
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A. TEPEE BUTTES IN PIERRE SHALE NORTH OF NEPESTA, COLO. 


The core of these buttes is limestone. 


B. TIMPAS LIMESTONE ON CARLILE SANDSTONE 2 MILES NORTHWEST OF LA JUNTA, COLO. 


Looking northwest. The sandstone is behind the figure. 
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In the vicinity of Walsenburg the Laramie formation has a thickness of 1,000 feet, 
which increases to the southward, due to the thickening of tho upper member and 
to diminished erosion of its upper surface, until at the State line south of Trinidad 
the thickness is 2,500 feet. The basal beds are shales overlying the Trinidad sand- 
stone. A massive bed of sandstone a hundred feet or so from the base of the for- 
mation is persistent, and overlies an alternation of arenaceous shale, clay shale, and 
coal. Above this massive sandstone the formation is predominantly sandstone, 
but the sandstones and clay partings vary greatly in thickness. There are two 
principal groups of coal beds—one between the Trinidad sandstone and the massive 
sandstone 100 feet above, and the other above this sandstone. 

The fossil remains of the Laramie formation are limited to the characteristic 
Ostrea glabra, a unio, and a dinosaur of undetermined genus. It contains a rich 
subtropical flora, similar to the present-day flora of the Gulf States, consisting of 
figs (15 species), oaks, ferns, palms, poplars, willows, and tulips. In the region 
of Golden, Colo., there are 83 species that are peculiar to the Laramie. 


CRETACEOUS(?) SYSTEM. 


Arapahoe formation.—In the Denver basin the Laramie formation is overlain 
by 600 to 800 feet of conglomerates, sandstones, and shales, which are separated by 
an unconformity and by some are believed to be of early Tertiary age. At the base 
are 50 to 200 feet of conglomerates and sandstones of increasing coarseness toward 
the mountains, while above are several hundred feet of sandy shales containing 
irregular masses of sandstones. These deposits extend far south of Denver and 
appear to be represented in the Monument Park region and east of Colorado.Springs, 
but their limits and relations have not been determined. Apparently the coarser, 
lower beds increase in thickness to the south. The formation appears to be present 
in small amount in the Florence basin, where a series of conglomerates and sand- 
stones 250 to 300 feet thick is supposed to represent it. It is a prominent compo- 
nent in the Spanish Peaks basin, where it is represented by all or part of the Poison 
Canyon formation of R. C. Hills. 

Poison Canyon formation.—This formation underlies much of the high region 
rising to the Spanish Peaks between the Purgatory and Huerfano valleys. To the 
north it is separated from the underlying Laramie beds by marked unconformity, 
while in the vicinity of Spanish Peaks and southward there appears to have been 
continuous deposition between the two formations. The thickness is 2,000 feet to 
the south and 3,500 feet in the extension of the formaticn northwestward up the 
Huerfano Valley. The rocks consist of coarse sandstones and conglomerates in 
beds 10 to 50 feet thick, separated by thinner masses of yellow clay. The con- 
glomerates near the middle of the formation often are not firmly cemented and 
resemble gravel beds. The overlying sandstones are light gray, weathering pink, 
while the sandstones lower in the formation are yellowish, with red blotches, but 
similarly weathering to a pink tint. No fossils have been reported, but, from the 
relations of the formation, there should be little question that it is approximately 
the same age as the Arapahoe. Some baculites reported from the section of the 
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beds in Poison Canyon doubtless were found in or were derived from the Pierre 
shales, which are overlapped by the formation in that region. 

Denver formation.—In the Denver basin the Arapahoe formation is overlain by 
several hundred feet of coarse deposits, consisting largely im the lower part of 
débris of younger eruptive rocks and in the upper part of granitic débris. It 
also includes local sheets of basalt and volcanic tuffs. Its age may be early 
Eocene. This formation is not known to extend into the Arkansas basin, but 
may possibly underlie a portion of the high divide near the foot of the mountains. 
Some small areas of conglomerates, sandstones, and shales overlie the supposed 
Arapahoe formation in the Florence basin, but they can not certainly be correlated 
with the Denver formation. In the higher slopes of the Spanish Peaks area, how- 
ever, there is a formation succeeding the Poison Creek beds which Mr. Hills has 
designated the Cuchara formation, and the stratigraphic succession strongly sug- 
gests that this may represent the Denver beds. 

Cuchara formation.—This formation has a thickness of about 500 feet, consist- 
ing mostly of massive, yellowish, reddish, or brownish sandstones, with 50 to 100 
feet of red, brown, and sometimes white marl, shale, and sand at the bottom. The 
sandstone is coarse and the conglomerates are often very loosely, cemented, the 
pebbles largely of granite and Carboniferous débris. The formation has yielded 
no fossils, but the Denver formation has yielded 150 species of plants, only 15 of 
which are common to the Laramie. 


TERTIARY SYSTEM. 


Monument Creek formation.—On the high divide between the Platte and Arkan- 
sas drainage basins, at the foot of the Rocky Mountains, there is an extensive 
deposit of conglomerates, sand, sandstone, gravel, and clay, known as the Monument 
Creek formation. It lies on the Laramie formation to the east and the Arapahoe 
formation to the west, and at Palmer Lake it abuts against the granite at the foot 
of the mountain. There are two members, a lower one of sands and clays and an 
upper one of conglomerate and sandstone. The latter caps numerous buttes and 
plateaus in the high region west and north of Calhan and north of Monument. 

Fossil bones of Titanothervwm have been discovered by the writer? and Mr. C. A. 
Fisher in the upper member in the region north of Calhan and southwest of Eliza- 
beth, which indicate that this portion of the formation is of Oligocene age. The 
lower member may be Oligocene, or perhaps Wasatch or Bridger, in age. 

Nussbaum formation.—Wide areas of the High Plains adjoming the Arkansas 
Valley in eastern Colorado are mantled by loams, sands, and gravels of late Ter- 
tiary age, of which some outlying portions westward have been designated the Nuss- 
baum formation by Mr. Gilbert. These deposits consist of the “‘ Tertiary grit” and 
“Plains marl” of the Kansas geologists and are supposed to be of Pliocene age. 
The formation is composed mainly of loose sand and coarse gravel, which on the 
higher divides eastward has a thickness of more than 200 feet. Locally some por- 
tions often consist of a loose sandstone, and frequently the beds are cemented 
by carbonate of lime into a very sandy limestone (‘‘mortar beds’’), occasionally 


a Darton, N. H., Age of Monument Creek formation: Am. Jour. Sci., vol. 20, 1905, pp. 178-180. ~ 
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of considerable extent. The most extensive areas cover the High Plains north 
of Arkansas River to the east of Fountain Creek Valley, and south of the river in 
Prowers and Baca counties. Small outliers remain on many of the divides south 
of the river, west from longitude 104° to the foot of the mountains, probably indi- 
cating that originally all of the plains region was covered by the formation. In 
general the deposits have a smooth surface and slope gently to the east, but there 
is also a slope into the Arkansas Valley, especially near Boone and Fowler, where 
it approaches near to the river and ends in a prominent bluff. In Kiowa County 
two distinct terrace levels are exhibited in the slope toward Arkansas River, with 
underlying Cretaceous beds showing in places in the intervening escarpment. 
In the high ridge extending east and north from Calhan the western margin of the 
formation presents a steep front to the west and northwest, in marked contrast 
to the gentle easterly slopes. The eastern limits of the formation north of Arkan- 
sas River are usually indefinite, owing to wash of the deposits down the general 
slope. South of Lamar the formation caps an elevated smooth-topped ridge and 
is terminated to the north by an abrupt slope, especially at the head of Clay Creek. 
To the east it descends rapidly and crosses Two Butte and adjoining creeks. 


QUATERNARY SYSTEM. 


Alluvwwm.—The largest areas of alluvium in this district are along Arkansas 
River below Pueblo. The width of the bottom lands which they constitute varies 
from three-fourths of a mile to a mile, and the thickness of the deposit is 50 to 60 
feet in the central portion of the valley. The materials are mostly fine sands and 
loams laid down by the river at various stages; in times of flood more or less new. 
material is deposited, especially on the lower flats. Above Pueblo, where the river 
flows in a narrower valley, the alluvial flats are narrower. . 

There are alluvial bottom lands along Fountain Creek and nearly all of the 
larger branches of the Arkansas, the only exceptions being in some of the narrower 
portions of the canyons in the southwestern part of the area. Higher terrace 
levels appear in places, capped by sand and gravel, products of an earlier period 
of Quaternary deposition. a 

Dune sands.—Sands which have been heaped up by the wind occur extensively 
along the south side of Arkansas River from Las Animas eastward, often in a belt 
a mile wide. Dunes of considerable prominence are found south of Lamar and 
Granada. Portions of the Nussbaum formation give rise to sand dunes, notably 
in the region north of Nepesta and in wide areas in Kiowa, Cheyenne, and Lincoln 
counties. Between Rush Creek and Big Sandy nearly all of the land is capped 
by sand dunes derived from the Nussbaum formation. 


IGNEOUS ROCKS. 


In the Rocky Mountain Range adjoining the Arkansas Valley are extensive 
bodies of igneous rocks, mostly of Tertiary age. Those in the vicinity of Pikes 
Peak and Cripple Creek have been described by Doctor Cross? and others. The 
extensive series of dikes in the Spanish Peaks and adjacent slopes have been 


a Cross, Whitman, Description of Pikes Peak quadrangle: Geologic Atlas U. S., folio 7, U. S., Geol. Survey, 1894. 
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described by Mr. R. C. Hills“ and the reader is referred to these publications for 
details. The distribution of the rocks is shown in Pl. VI. 

The Mesa de Maya and the Raton Mesa consist of remnants of extensive 
outflows of basalt of late Tertiary or Quaternary age, and in their vicinity are a 
number of similar smaller outlers of the same material, as shown in Pl. Il. On 
the south side of the Mesa de Maya the basalt is seen to overlie an outlier of later 
Tertiary gravels, which indicates that the age is post-Pliocene. 

In the Two Butte uplift igneous rocks appear, as described by Mr. G. K. 
Gilbert,’ in a laccolithic mass and in numerous dikes. 


MANITOU EMBAYMENT. 


West of Colorado Springs there is a westward deflection in the Front, Range 
of the Rocky Mountains, in which lies a thick development of the Paleozoic rocks. 
The recess is about 4 miles deep and is due to a westward trend of the granite 
on the north side and a profound fault on the southwest side, forming a reentrant 
angle of which the apex is at Manitou. In Pl. XVI the principal geologic rela- 
tions are shown, and they are especially brought out by the central cross section 
on that plate. To the north and south the “‘Red Beds” usually lie against the 
granite at the surface, but in the embayment the older limestones and sandstones 
appear at the surface. It is probable that east of the mountain front these rocks 
extend far to the north and south, but on either side of the embayment they have 
been eroded from the granite slopes and overlapped by younger sediments. The 
embayment probably was a valley at the time of this erosion epoch, and the sedi- 
ments contained in its deeper portion were not removed. Its southwestern margin 
has been cut off by the great fault, which uplifted the strata so high that they 
were long ago removed by erosion. 

The embayment continues far to the northwest from Manitou, but the strata 
which it formerly contained are removed for the first few miles. A small area 
of ‘Red Beds” and underlying limestones remains in this area in Manitou Park, 
on Trout Creek, as shown on the geologic map (Pl. VI). From the vicinity of 
Manitou northward to beyond Glen Eyrie Creek the basal strata are sand- 
stones and limestones of Cambrian and Ordovician age, and these appear again 
in a small area west of Monument Park. Most of their features were described 
by F. V. Hayden and Dr. A. C. Peale,’ and by Prof. W. O. Crosby,? 1 in a detailed 
account of the Archean-Cambrian contact near Manitou. 

The basal bed is a sandstone averaging about 50 feet thick, usually light 
colored and moderately fine grained in its lower beds, and red or pink with greenish 
layers in its upper ones. It contains Cambrian fossils (determined by Mr. Walcott 
as Obolus (Linguella) similis), and more or less glauconite. The sandstone lies on 
the granite along a remarkably smooth plain, which shows occasional local erosion 
irregularities, and the contact is sometimes faulted or flexed. Many details of 
these contact phenomena are described in the paper by Professor Crosby, just 


2 
a Hills, R. C., Description of Spanish Peaks, Walsenburg, and Elmoro quadrangles: Geologic Atlas U.S., folios 71, 68, and 58. 
b Gilbert, G. IX., Laccoliths in southeastern Colorado: Jour. Geol., vol. 4, 1896, pp. 816-825. _ 
cU.S. Geol. and Geog. Sury. Terr., Seventh Ann. Rept., 1874, pp. 193-273. 
d@ Bull. Geol. Soc. America, vol. 10, 1899, pp. 14-164, pls. 14-18. 
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referred to. Fine exposures may be seen on both sides of Fountain Creek, which 
the formation crosses 14 miles above Manitou, in Williams Canyon, and at Glen 
Hyrie. The formation dips gently to the southwest and extends for some distance 
west up the divides between the valleys above mentioned. It ends abruptly at a 
point a mile north of Glen Hyrie, where it is overlapped by Fountain ‘“‘ Red Beds,” 
but reappears for a short distance in a local embayment a mile farther north, and 
Mr. W. T. Lee reports it on Deadman Creek southwest of Monument station. 

Overlying the Cambrian sandstone are several hundred feet of limestones, 
of which the lower portion is Manitou, containing Ordovician fossils, while ine 
upper members, according to Proteseon Grabau,* contain “hesisippten fossils. 
‘This limestone caps the sloping ridges west and poe of Manitou and appears 
extensively in the intervening canyons, especially in Williams Canyon. Its outcrop, 
together with that of the underlying sandstone, is terminated by overlap of the 
Dorma formation, a mile north of Glen Hyrie, oad reappears in the small embay- 
ment west of Monument Park. In this outler there are exposed, lying on the 
granite, 30 feet of dark-gray, coarse sandstones, thin bedded and glauconitic at 
the top, overlain by 20 feet of bright-red, sandy limestone with Cambrian fossils, 
and by 50 feet of massive, pure, fine-grained, light-gray limestone. On this lime- 
stone, which apparently is Manitou, lies an impure limestone varying from gray 
to buff in color, with a heavy breccia at its base, the latter probably marking an 
unconformity. The limestones are cut off by a fault, bringing down the Morrison 
and overlying ‘‘ Dakota,” but a short distance to the north and south the Fountain 
“Red Beds” are exposed lying directly on the granite. 

The Fountain formation occupies a wide area in the Manitou embayment, 
from Glen Eyrie southward. On the west side of the area the dips are low, but 
to the east they become nearly vertical, a feature exhibited in the ledges at and 
near the Gateway to the Garden of the Gods, as shown in Pl. IX, A. The rocks 
consist of coarse sandstones, in part conglomeratic and mostly of red color, although 
some portions are mottled with gray. The thickness is 1,000 feet or more. From 
Manitou to Glen Eyrie the formation lies unconformably on the Millsap limestone, 
but no marked divergence of dip or erosion features was observed. To the south 
the formation is cut off by a great fault, which brings it in contact with the granite. 
The outcrop of the formation extends northward from Glen Eyrie, where, as above 
stated, the red grits directly overlap the granite. In places in their northward 
extension they are cut off by faults and extensively overlapped by Tertiary forma- 
tions. At the top of the formation there is the well-marked Lyons sandstone, 
which gives rise to the prominent white ridge a few rods east of the Gateway to 
the Garden of the Gods. This formation is overlain by the upper ‘‘Red Beds,” 
which I have designated the Chugwater formation. The latter consists mainly 
of soft red shales with layers of limestone in its lower portion, with a thick bed 
of gypsum at the top. This gypsum bed is 30 feet thick at the Gateway to the 
Garden of the Gods, and for some distance north. Owing to talus, faults, and 
overlaps of younger formations the Chugwater formation is not exposed in the 
region between West Monument Creek and Perry Park, and southeast of Manitou 
it is cut off by the great fault. 


a Girty, G. H. Carboniferous formations and faunas of Colorado: Prof. Paper U.S. Geol. Survey No. 16, 1903, p.168. 
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The formations overlying the Chugwater formation in the Manitou embay- 
ment are the usual succession of Morrison, ‘‘Dakota,’’ Benton, Niobrara, and 
Pierre, all of which, except the latter, are cut off by the great fault southwest of 
Colorado Springs. There is also a local interruption in the succession a short 
distance northwest of Colorado City, owing apparently to a short fault cutting off 
the ‘‘Dakota”’ and adjoining beds. The Morrison formation west of Colorado 
Springs exhibits its usual characteristics. Light-cotored massive shales predomi- 
nate, but some fine-grained sandstones and several thin limestone layers are 
included. Portions of the shale are of grayish-green and maroon tints. The 
formation lies directly on the 30-foot bed of gypsum at the top of the Chugwater 
formation. The overlying “‘Dakota” sandstone varies from 125 to 200 feet in 
greater part, and is in two massive beds, with shales between. As above stated, 
the sandstone disappears for a short distance northwest of Colorado City, prob- 
ably owing to a local fault. The Graneros shale is 240 feet thick. The Green- 
horn limestone is well defined and 75 feet thick, consisting of thin beds of lime- 
stone with dark shale alternations and containing large numbers of Jnoceramus 
labiatus. The Carlile formation, about 250 feet thick, is terminated by the usual 
bed of sandstone, which is overlain directly by the Timpas limestone. This sand- 
stone and limestone form a prominent hogback extending from north of Glen Eyrie 
to Bear Creek Canyon, beyond which the Timpas limestone continues nearly to 
Cheyenne Creek, where it is finally cut off by the great fault. 

In the region west of Monument Park the Morrison, ‘‘Dakota,’ Benton, and 
Niobrara beds appear at intervals, but they are mostly obscured by talus and 
overlaps. A small exposure of the Timpas limestone appears southwest of Monu- 
ment station, as shown in Pl. XVI. It dips steeply to the east and appears to 
be overlapped by Tertiary formations. 


CANYON EMBAYMENT. 


General structure-—In the region west of Pueblo there is a deep westward 
deflection or reentrant in the Rocky Mountain Front Range, in which the sedimen- 
tary strata extend to a short distance west of the city of Canyon. The granite 
Front Range, which is so prominent west of Colorado Springs, éxhibits an anticlinal 
structure to the south, and the granite in this anticline pitches beneath the sedi- 
mentary strata northeast of Canyon. The sedimentary strata in the syncline on 
its west side extend northward through Garden Park to the north line of Fremont 
County, beyond which the granite rises. The prolongation of the anticline, greatly 
reduced in height, is traceable southward to Huerfano Canyon, crossing Arkansas _ 
River 6 miles northwest of Pueblo. The syncline deepens to the south, and in the 
region southwest of Florence holds a deep basin of Laramie coal measures. Near 
the south line of Fremont County its western side is faulted so that the Laramie 
sandstones are in contact with the granite. The west and south sides of the Canyon 
embayment consist of the Wet Mountain Range, an anticlinal ridge of granite 
which extends southeastward-and finally pitches down near Huerfano River. 

In the Canyon embayment are found formations from Cambrian to latest 
Cretaceous or early Tertiary, presenting considerable complexity in overlap and 
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dA. VERTICAL ‘RED BEDS” NEAR COLORADO CITY, COLO. 


Garden of the Gods to the left; ridge of Niobrara limestone to right. Photograph by |. C. Russell. 


B. MORRISON FORMATION ON GRANITES WEST OF GRAPE CREEK, 4 MILES SOUTHWEST OF CANYON, COLO, 


Looking north-northeast. The prominent ledge cf sancsione ts ‘' Dakot.."' 
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structural relations. The principal features are shown in Pl. XVIII. The rela- 
tions shown north of latitude 38° 30’ are compiled from the Pikes Peak folio by 
Whitman Cross. The dominant structural features have already been alluded to. 

Garden Park area.—Oil Creek Valley lies in a syncline pitching southward and 
exhibiting formations of Ordovician, Carboniferous, and Cretaceous ages. On the 
west side of the creek, north of Garden Park, is an extensive area of Ordovician 
limestones and sandstones. At the base is Manitou limestone with a basal cherty 
and quartzitic portion of Cambrian age lying on the granite and gneiss. Next 
follows the Harding sandstone, surmounted by long slopes of Fremont limestone. 
So far as observed, this sequence is general for an extensive area about Garden Park. 
In portions of the area faults cut-out some, or all, of the beds. On the granite 
slopes east of the creek numerous small outliers occur. The Manitou limestone is 
100 feet thick and consists of fine-grained, pink or reddish dolomite with Ordovi- 
cian fossils. Cherty limestone at the base yields fragments of the trilobite Ptycho- 
varia. The Harding limestone consists of fine-’and even-grained saccharoidal , 
sandstone in alternating beds of light-gray or pinkish and variegated colors, with a 
few bands of dark-red or purplish sandy shale. The maximum thickness is about 
100 feet. The lower part is sometimes calcareous and locally develops into a thin, 
fine-grained dolomite. It is succeeded with apparent conformity by the Fremont 
limestone, which is a bluish-gray or pinkish dolomite of uneven grain, sometimes 
sandy, weathering to very rough surfaces. Its thickness is about 100 feet, and it is 
especially characterized by the occurrence of chain coral (Halysites catenulatus), 
which often occurs in masses 2 feet in diameter. It also contains other fossils of 
later Trenton age. 

The Fremont limestone gives rise to long sloping plateaus on the west side of 
Oil Creek north of Garden Park. At the north end of the park the Fremont 
limestone is overlain by Millsap limestone in a narrow outcrop about 14 miles long. 
Thirty feet of the formation are exposed consisting of thinly bedded, variegated, 
dolomitic limestone, with a few thin sandstone layers. Chert nodules in the upper 
limestone layers carry casts of characteristic Mississippian fossils. 

The greater part of Garden Park is underlain by the Fountain formation, which 
reaches a thickness of about 1,000 feet. It lies on the Millsap limestone above 
mentioned, but overlaps onto the Fremont limestone, presenting unconformable 
contacts in both cases; for part of its course it is cut off by extensive faults, as 
shown in Pl. XVIII. The Fountain beds consist of red sandstone, grits, and con- 
glomerates, heavily bedded and with much feldspathic material derived from the 
adjacent granite. The conglomerate layers contain many pebbles of hard, ‘pre- 
Cambrian quartzites and of limestones, quartz, and cherts. 

The Morrison formation appears cnaoneivels along the south and west sides of 
Garden Park, where the thickness is about 350 feet. It is Separated from the Foun- 
tain formation by unconformity, but does not present divergence of dip or evidence 
of deep channeling. The materials are mainly greenish, pink, or gray shales and 
marls. Sandstone occurs at the base and also at numerous horizons in the upper 
part of the section, but the beds vary in thickness and extent. In the sandstone 
deposits about 100 feet from the top of the series, at the locality shown in Pl. X, B, 
large numbers of saurian remains have been obtained. fresh-water shells also occur. 
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Gypsum is locally developed, and a thinlimestone occurs in the lower portion of 
the formation. / 

The Morrison formation is succeeded in regular order by “‘ Dakota” sandstone, 
which caps high ridges south and west of the park, presenting its usual charac- 
teristics and having a thickness of about 300 feet. Southeast of Garden Park lie 
Sixmile, Eightmile, and Cemetery parks, valleys which mark the eastward and 
northeastward extension of the Fountain ‘“‘ Red Beds” across the north end of the 
Front Range anticline. On the north side of these parks are slopes of Ordovician 
limestones and sandstones, comprising Manitou and Harding, with Fremont as far 
~ east as Kightmile Creek, northeast of which the Fountain formation lies directly on 
the Harding sandstone. Outliers of Manitou limestone occyr at intervals high on 
the granite slopes north. South of the three parks there is a continuation of the 
“Dakota” hogback, with Morrison formation in its northern and northwestern 
slopes. On Hightmile Creek the Fountain and associated formations are traversed 
by a prominent fault which brings up the granite in two prominent knobs on either 
side of the creek. On Wilson Creek, 8 miles northwest of Garden Park, some small 
outlhers of Morrison formation he directly on the granite and gneiss and in part are 
overlapped by small areas ot ‘‘Dakota” sandstone. Two similar areas of these two 
formations occur still farther northwest on the small branch of High Creek. Three 
miles southwest of Garden Park is Shaws Park, underlain by a zone of Fountain 
“Red Beds” outcrops which extend southward to Arkansas River west of Canyon. 
On the west side of this zone the Ordovician limestones and sandstones extend far up 
the mountain slopes, while on the east side is a hogback of Dakota sandstone with 
Morrison formation in its western slope. At the north end of Shaws Park there is a 
prominent fault, which crosses Wilson Creek nearly at right angles and brings forma- 
tions from Ordovician to Cretaceous into contact with the pre-Cambrian rocks, as 
shown in Pl. XVIII. 

West of Canyon.—In the mountain slopes and hogback west of Canyon there is 
presented the southward extension of the formations of the Garden Park area. The 
formations all dip steeply to the eastward and there are numerous exposures of all the 
beds. The high mountain range west, consisting of granite and gneiss, is traversed 
by Arkansas River in a deep canyon known as the Royal Gorge. On the lower 
eastern slopes of this ridge the Ordovician rocks are extensively exhibited. The 
valley of Sand Creek is in the Fountain “ Red Beds.” The main hogback west of 
Canyon consists of “‘ Dakota” sandstone, with Morrison formation on its west side 
and Benton shales on its east slope. There is also a subordinate hogback of small, 
sharp ridges due to the Timpas limestone of the Niobrara formation. To the east 
there is a broad, deep basin containing Laramie coal measures. 

The principal features of distribution of the formations are shown in the middle 
portion of P]_X VIII. On the mountain road 44 miles northwest of Canyon the Man- 
itou limestone lies directly on the granite. It is 10 feet thick and contains bands 
of chert. Next above is characteristic Harding sandstone, pink and buff, except 
at the top, where there is a characteristic succession of reddish shales. The Fre- 
mont limestone appears with its usual characteristics, and apparently also the 
Millsap limestone, although no Carboniferous fossils were observed at this place. 
The upper portion of the limestone presents a very irregular contact with conglom- 
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erate beds at the base of the Fountain formation. A typical exposure of this feature 
is shown in P]. XX. The conglomerate is about 80 feet thick and is succeeded by 
about 1,000 feet of red sandstones and grits extending to the base of the ‘‘ Dakota”’ 
hogback. In the vicinity of Harding’s quarry, 2 miles northwest of Canyon, the Man- 
itou limestone is seen to have disappeared and it is not found again in the extension 
of the beds southward. The following detailed section in this vicinity was made 
by Mr. C. D. Walcott: 


Geologic section of Fremont limestone and Harding sandstone near Harding’s quarry, northwest of Canyon, Colo. 


Fremont limestone: Feet. 
Compact, hard, light-gray limestone, breaking into angular fragments, but with a band of purple 
and gray calcareo-arenaceous shale at the base, containing a large Trenton fauna__-_....--.-- 45 
Wark reddishsbrownsal stom epes apace meets ome eevee mete alee le hee ge eh see Se ee ee pe 10 
Hard, compact, light-colored limestone with fossils...........-.-.-.---.-.------------------- sy 


Gray, siliceous, magnesian limestone, somewhat ferruginous in lower portion; weathers locally to 
reddish friable rock, except that near base limestone weathers into rough irregular cliffs with 


MANY CAGES Auch laos; coms aime! Cilner TOSSIS.— = 5. pose seem de oa ceboes Sbecosnceneseus 170 

Red and purple fine-grained, argillaceous, arenaceous shale; fish-plate fragments. ._..-.-.-....... 2-4 
Harding sandstone: 

Coarse purplish sandstone in several layers with gray layers above. -..._.-_-...-.------------- 11 
Grayeandibull sandstonet so x2e25 Sa aaeeen eam eee a Seal a Pele Beeler e eaieets ee ee ee 7 
Inice-erAMoel, arillnceone, MEME CCOUS SOMO... 32s csae oo cece Ssabesec anon oe cece aseeus seesase 3 
Massive gray and reddish sandstone with thin irregular beds of reddish-brown, sandy shale in lower 

OOP WTMAD COUSINS SS oo ooo dsudabd eabacoRsedde douceeseuosdeccs seed odn SAE 20 
Reddish-brown, sandy shales, partly calcareous in some layers; fish plates and other fossils 

FB] OND a6 Cal ee eae pal UL At aie ee ose ea eae austere a eae Res PEN aeRO 7 


Compact, thinly bedded, reddish and gray sandstone passing into a gray and more massively 
bedded, somewhat friable sandstone that changes, at 25 feet up into a purplish-tinted, somewhat 


coarse: -iniablejsandstonessadip AO eye: beter ciee (Lees eesti gpee las fe tuts oumeb te poy set oe 33 
Coarselicht-craly sam dstone tegatana ao are ee hs cee) yee pee ke, SN 5 
Granite. 


Overlying the Fremont limestone are 15 to 30 feet of impure variegated banded 
limestones, with interbedded sandstones and argillaceous beds containing Mississip- 
pian fossils. The unconformity between the two limestones representing Silurian 
and Devonian time is not marked by discordance of dip nor by any noticeable erosion 
features. On the north side of Arkansas River, at the mouth of the Royal Gorge, the 
Ordovician beds are well exposed, lying on granite and gneiss and dipping steeply 
eastward. There is a basal conglomerate merging upward into hard gray to pink 
sandstones, in part coarse grained, 100 feet or more in thickness. These are suc- 
‘ceeded by 80 feet of reddish-brown shales and thinly bedded sandstones, 70 feet of 
gray to pink sandstones (mostly soft and massive), 8 feet of red shales, 30 feet of gray 
to pink sandstones (mostly massive), followed by a talus-covered interval of about 
100 feet, east of which appear ledges of Fremont limestone merging upward into a 
few feet of gray sandstone. The latter is overlain by the basal conglomerate of the’ 
Fountain formation. On the opposite side of Arkansas River the Harding sandstone 
is about 200 feet thick and is overlain by about 100 feet of limestones, in part sandy, 
capped by a 20-foot bed of light-gray sandstone. On the irregular upper surface of 
the latter lie coarse conglomerates at the base of the Fountain formation. Both the 


a Walcott, C. D., Discovery of a vertebrate fauna in Ordovician strata: Bull. Geol. Soc. America, vol. 3, 1892, pp. 155-157. 
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Harding sandstone and the Fremont limestone end a short distance to the south on 
Grape Creek, the sandstone terminating at a point about three-fourths of a mile 
south of Arkansas River. The Fountain formation also thins rapidly, and at a point 
a mile south of the river is only about 250 feet thick, including a basal red conglom- 
erate. In this vicinity the unconformity at the base of the Morrison is very marked, 
there being much deep channeling in the “‘ Red.Beds”’ surface. 

On the east side of Grape Creek, .just above its mouth, there are nearly continu- 
ous exposures from the granite to the “‘Dakota”’ sandstone. At the base are about 
150 feet of massive gray sandstones, pinkish in their upper portion. These are suc- 
ceeded by about 50 feet of soft gray sandstone, with some limestone layers, 50 feet of 
limestone (Fremont), 10 feet of red sand and sandstone, about 900 feet of Fountain 
beds (with conglomerate and arkose at the base), and the massive pinkish-gray sand- 
stone 30 feet thick at the top. The latter is a noticeable feature west and northwest 
of Canyon. Inasmall canyon cut through the hogback ridge 14 miles south of the 
mouth of Grape Creek there are extensive exposures. On the west there is, first, the 
granite, overlain directly by red and gray conglomerates and grits of the Fountain 
formation, here not over 30 feet thick; then follow Morrison shales about 300 feet in 
thickness, presenting the usual characteristics. The ‘‘ Dakota”’ sandstone presents the 
features shown in Pl. X, A. It has a lower member, 90 feet thick, of massive buff 
sandstone; a middle member, 100 feet thick, of dark-gray shales® with buff sand- 
stone partings, and an upper member, 100 feet thick, of massive buff sandstone 
which rises to the crest of the hogback ridge. The upper portion of this member 
erades into the Graneros shales through about 15 feet of beds of passage. The 
Graneros formation is 250 feet thick and is succeeded by 50 feet of typical Greenhorn 
limestone in thin layers with shale partings. Large numbers of Inoceramus labiatus 
occur in the upper portion of the limestone. 

The Carlile formation consists of 200 feet of dark shale, with 24 feet of sandy 
limestone with oysters at the top. The basal portion of the Timpas limestone is in 
massive beds 30 feet or more thick, followed by 600 feet of Timpas and Apishapa 
beds. Much shale occurs in the lower and middle portion of the latter, and the usual 
bright-yellow weathered beds at its top. 

The ‘‘ Dakota” hogback extends southwestward to the granite slopes at the foot 
of the Wet Mountain Fane, where all of the strata from the Morrison to the basal 
Pierre are cut off by the east-west fault, asshownin Pl. XVIII. Along the main road 
from Canyon to Webster Park, on the hillside above the last big bend in Grape Creek, 
there is a well-marked fault cutting off the ‘‘Dakota”’ sandstone on the west and 
bringing it into contact with two small masses of limestone, apparently Fremont, 
underlain by sandstone, probably Harding, which lies directly on the granite to the 
west. A short distance south of where the road crosses this fault the “‘Dakota”’ 
. sandstone is seen to be underlain by the Morrison formation, which lies directly on 
granite, showing a definite overlap. This relation is repeated on the west side of 
Grape Creek, as shown in Pl. XVII, B. In both of these contacts the dips are very 
low, and faulting is out of the question. 

Four miles due south of Canyon the Pierre shale appears to extend directly to 
the granite, from which it is apparently separated by the extension of the fault which 


ain the summer of 1905 Mr. Stanton discovered Comanche fossils in these shales. 
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A, SHALE MEMBER LYING BETWEEN TOP OF HARDING 
SANDSTONE AND BASE OF FREMONT LIMESTONE ON 
MOUNTAIN SLOPE NORTHWEST OF CANYON, COLO. 


Photograph by C. D, Walcott. 


B. HARDING SANDSTONE ON GNEISS AND SCHISTS 13 MILES NORTHWEST OF CANYON, COLO, 


Looking north from below spring west of Harding's quarry. The man’s feet are on the contact. Photograph by C. D. Walcott. 
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CONGLOMERATE AT BASE OF “RED BEDS” LYING UNCONFORMABLY ON MILLSAP LIMESTONE, 4 MILES 
NORTH-NORTHWEST OF CANYON, COLO. 


Looking northeast. 
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cuts off the ‘‘Dakota”’ sandstone and overlying formations along the foot of the 
mountains westward. The fault appears to die out at the point where the main 
mountain slope turns abruptly to the south. In this vicinity the ‘‘Dakota”’ sand- 
stone and overlying formations reappear at first in a steep-dipping monocline with 
Laramie sandstones less than a mile distant from the granite. At one point 2 miles 
northwest of Chandler the ‘‘Dakota” sandstone lies directly on the granite and is 
overlain by 400 feet of Benton shales, including the Greenhorn limestone and 25 
feet of sandstone at the top of the Carlile formation, on which lies the Timpas lime- 
stone. West of Chandler a syncline and anticline develop, the latter marked by a 
prominent ridge, which is due to the top sandstone of the Carlile and the overlying 
Timpas limestone. These flexurés extend nearly to Oak Creek, where they die out. 
Near the foot of the mountain slope, 2 miles southwest of Chandler, the ‘‘ Dakota”’ 
sandstone is underlain by 300 feet of Morrison shale, under which for a short distance 
the Harding sandstone and the Fremont limestone appear. The following section 
was measured by Mr. C. E. Siebenthal, in beds dipping 80°: 


Geologic section 2 miles southwest of Chandler, Colo. 


Feet 
INIOTESOR: SNCs 2g Fae 5 ais See ie ere aes oe ee ET EMR Ore emi er eng USS ee Rey Rt ha ae 300 
ViascivemmDibemlinmlestbOne nemmp ria me, skige. eK R SG say. la ly a sates ses IE) OR aan ee AI ee eRe 40 
IMassivermed sao) onmbicilimmestomees seo a3) 5c) sa.) ssc Seve Aedes ie ep Ns a nT ay ORE pun 40 
Real gihalla sing! loronna samalstioie, watln isn, SOmes. = oo eo soe bec ee cece seus se loneceee ew beeen 25 
Herdrandsonssandshonesimterbedded 35 oe) We) yas Oye eee ene fe haat alg eden ey ee oe 30 


Granite. 


A short distance south of this locality a fault develops which cuts off the Morri- 
son, ‘‘Dakota,’’ Benton, Niobrara, and Pierre beds in succession and immediately 
south of Oak Creek brings the Laramie beds into contact with the granite. This 
relation continues to the southern margin of Fremont County, or to a mile south of 
Neulan Creek. At the southern margin of Pl. XVIII, which is about a mile south of 
the southern margin of Fremont County, the Pierre shale and granite are in contact 
along this fault line. 


EAST SIDE OF GREENHORN MOUNTAIN. 


Greenhorn Mountain is a southern extension of the Wet Mountain Range, 
and it terminates southward in a south-pitching anticline, in the same manner as 
the eastern Front Range does northeast of Canyon. Along its east side, from Hard- 
scrabble Creek to its southern termination at Huerfano River, a considerable variety 
of overlap relations are presented. The principal features are shown in Pl. XXII 
(constructed largely from the Walsenburg and Pueblo folios). The lowest beds 
exhibited appear only in small outliers west of Beulah, where a white sandstone 

about 30 feet thick is found, supposed to represent the Harding limestone, lying upon 
gneiss and overlain by limestone supposed to represent the Millsap. Of the lime- 
stones 175 feet are exhibited, consisting of gray and purple rocks with some shale, 
especially in the lower part. The limestone is classified as Millsap by the occurrence of 
Spirifer rockymontana, which appears in the middle of the series, but it is possible that 
the lower beds are Ordovician. The Fountain formation appears extensively along 
the valleys of North and South creeks, at the head of Red Creek, and to a limited 
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extent on Hardscrabble Creek. The rocks consist chiefly of brownish-red sandstones, 
mostly of coarse texture and containing a considerable proportion of feldspar grains. 
The upper beds include red and chocolate-brown shale, and at the base there is much 
coarse conglomerate containing pebbles and bowlders of granite and gneiss. Near 
Beulah the strata dip eastward at angles of 10° to 20°; the outcrop has a breadth of 
about 14 miles, and the thickness of the formation is about 2,000 feet. Four miles 
south of Beulah the Fountain formation is cut off by a fault. On the head of Red 
Creek the thickness is much less, and north of Hardscrabble Creek it is in places 
not over 20 feet thick and is occasionally overlapped by the Morrison formation. 

At the south end of the Greenhorn Mountain Range, under the Morrison forma- 
tion, there appear about 200 feet of red sandstones, which have been termed the 
Badito formation by R. C. Hills, who states that it apparently corresponds to part of 
the Fountain formation. The lower half of the formation consists of very coarse 
brownish-red conglomerate, and the upper part is a brick-red sandstone, generally 
massive, but in part thin bedded. The Morrison formation appears at intervals along 
the east side of the Greenhorn Mountain Range, usually lying on the Fountain forma- 
tion but overlapping the granite on Muddy Creek and near the south end of the moun- 
tain. At St. Charles Canyon it is in contact with the granite, apparently because of 
afault. The rocks are chiefly massive clays of light color, with thin beds of limestone, 
sandstone, and gypsum. The lower beds are mostly white and the upper ones choco- 
late-brown and maroon. On the slopes of Hogback Mountain the formation consists 
chiefly of red shale with a few layers of hard red sandstone, in all about 70 feet thick. 
Near the southern end of Greenhorn Mountain the Morrison formation is 270 feet 
thick and dips steeply down the mountain slope. The lower beds consist of about 60 
feet of soft white sandstone having a conglomerate layer at the base. ‘‘This is fol- 
lowed by hard shaly beds of pinkish and greenish tints, which break into fragments 
with conchoidal fracture. The upper portion consists of variegated shales and clays 
alternating with bands of hard, fine-grained limestone, often containing vermilion- 
colored cherts. One band of conglomerates a few feet thick contains green pebbles. 
At one point the basal sandstone overlaps the Badito formation and rests on the 
gneiss at an angle of 15°.’’4 

The ‘‘ Dakota” sandstone extends along the foothills from Adobe Creek to the 
end of the mountain,just north of Huerfano River, except for a short distance near 
Muddy Creek, where it is dropped by a fault. To the south it lies directly upon 
the granite, but at St. Charles Canyon and northward it is: underlain by older 
sedimentary rocks, and this also is the case at the south end of Greenhorn Mountain. 
On the headwaters of Muddy Creek the formation spreads out extensively in a 
shallow basin, as shown in Pl. XXII, where it appears lying directly on the granite. 
The outcrop is also of wide extent on St. Charles River and northward to Red Creek. 
In Barton Park the formation occupies a shallow syncline which crosses Hard- 
scrabble Creek near the junction of North and South forks. Just east of this place 
the anticline east of the syncline pitches down and at Greenwood the ‘‘ Dakota” 
sandstone gives rise to a prominent anticlinal ridge. The formation presents its 
usual features of a light-colored, massive sandstone partly coarse grained, espe- 
cially in the lower beds, where there is more or less conglomerate; the color is mostly 


aHills, R. C., Description of the Walsenburg quadrangle: Geologic Atlas U. 8., folio 68, U. S. Geological Survey, 
1900, p. 1. i 
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A. TWO BUTTE, IN SOUTHWEST PROWERS COUNTY, COLO. 


Exeter sandstone at top of ‘Red Beds” uplifted by igneous intrusion. 


B. WATER HOLE IN '*DAKOTA” SANDSTONE NEAR THATCHER, COLO. 
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pale buff. Considerable shale is included at some localities, especially in the middle 
of the formation. The thickness varies. In the vicinity of Beulah Mr. Gilbert 
reports 650 feet, consisting almost entirely of sandstone. Farther north and south 
the thickness averages about 300 feet. Along the southern slopes of Greenhorn 
Mountain there is included in the lower half of the formation a persistent bed of 
eray shale 8 to 10 feet thick. The upper sandstones, aggregating 100 to 150 feet 
in thickness, are light gray when unweathered, of fine grain, close texture, and 
regular bedding. ‘‘The lower two-thirds of the formation consists, as a rule, of 
yellowish-gray sandstone of a coarse, porous texture, and some of the layers are 
really fine conglomerate. Cross-bedding is rather common.” @ 

The Graneros and Carlile formations, with the intervening Greenhorn lime- 
stone, extend all along the east side of the range and present no special features of 
stratigraphy or overlap. They are traversed by numerous faults, especially in the 
area between Greenhorn and Rush creeks, as shown in Pl. XXII... 


GEOLOGIC HISTORY. 


The Great Plains region is underlain by sedimentary rocks affording a record 
of physical geography from Cambrian time to the present, but owing to the lack of 
knowledge of the relations of some of the deeply buried rocks and to our imperfect 
interpretation of many features of different geologic epochs, only an outline of the 
general sequence of events can be given. One significant feature is that some of 
the conditions were widespread, for there is remarkable uniformity in the resulting 
products. There were undoubtedly many marine submergences and several periods 
of emergence in which the surface was sculptured by running waters, especially in 
the later epochs. ; 

Cambrian.—During early Cambrian time a large part of west-central United 
States was a land surface. In middle Cambrian time there began the development 
of an interior sea which finally reached the Rocky Mountain province, where it had 
an irregular shore line about a great series of archipelagoes. From the ancient 
crystalline rocks of these shores waves and streams gathered and concentrated 
sands and pebbles, which were deposited as a widespread sheet of sandstone and 
conglomerate on seabeaches, partly in shallow waters offshore and partly in estu- 
aries. In some areas there are exposures in which these sediments, containing 
much local material, may be seen abutting against the irregular surface of the crys- 
talline rocks which formed these shores. The central portion of the Black Hills 
was probably an island in the earlier stages of this period, and, as Mr. Emmons 
has shown, the Laramie Range and the Rocky Mountain Front Range were for a 
long period highlands rising out of the Cambrian sea. In the northern portion of 
the province thick masses of deposits accumulated as submergence progressed in 
middle Cambrian time, but it is not known that this deposition extended into 
eastern Colorado. The scanty deposits of later Cambrian age appearing near 
Manitou and Canyon indicate that the waters finally reached the line of the present 
Rocky Mountain Front Range. As these deposits lie in embayments which prob- 
ably were connected with wider areas of open waters, doubtless there was a wide 
area of later Cambrian deposition eastward under Colorado. 


aHills, R. C., Description of the Walsenburg quadrangle: Geologic Atlas U. S., folio 68, U. S. Geol. Survey, 1900, p. 1. 
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Ordovician.—Apparently the submergence above described continued with 
similar shore lines through a portion of Ordovician time, for the later Cambrian 
and earlier Ordovician appear to have about the same limits in the exposures in the 
embayments above mentioned. Doubtless to the east of the Rocky Mountain 
front there was extensive deposition of the lime sediments such as appear in the 
outcrops, and these may attain considerable thickness under eastern Colorado. 
Except in the embayments, the western shore apparently was located east of the 
extensive ‘‘Red Beds’’-granite overlap. Perhaps the deposits originally extended 
farther west all along the slopes and were removed by later erosion along the steeper 
shores, leaving remnants or projections in the embayments where the erosive forces 
were less vigorous. 

Silurian-Devonian.—From the close of the Ordovician to the time of the early 
Carboniferous sea the uplifts along the western margin of the Great Plains region 
present no geologic record, the Silurian and Devonian being absent throughout. 
This is probably because there was an extensive but very shallow sea, or land so 
low as to leave no noticeable evidence of erosion. Whether it remained land or sea, 
or alternated from one to the other condition, the region shows no evidence of hav- 
ing undergone any considerable uplift or depression until early in Carboniferous 
time, when there was a decided subsidence, which established relatively deep water 
and marine conditions generally throughout the region. 

Carboniferous sea.—Under the marine conditions of the early Carboniferous 
there were laid down calcareous sediments, which are now represented by several 
hundred feet of nearly pure limestone, exhibited in the Black Hills, the Bighorn 
Mountains, and the Hartville uplift, and, with less thickness, in isolated areas in 
Colorado. Along the Rocky Mountain front in Colorado the Millsap timestone, 
representing the Lower Carboniferous, appears at only a few points, apparently in 
estuaries which extend west of a general shore line now buried under the Upper Car- 
boniferous sediments by the overlap of the latter on the crystalline rocks. In the later 
part of earlier Carboniferous time there was uplift, resulting in shallower waters, with 
sediments of mixed limy and sandy nature in some portions of the region to the north- 
west, while along the Front Range, in Colorado, there was recession of the shore lines 
to an unknown distance eastward, a condition indicated by pronounced unconformity 
at the top of the Millsap hunastere. 

During Pennsylvanian or later Carboniferous times the shore line sxiontled 
along the foot of the present Rocky Mountain Front Range, and the coarse red sedi- 
ments of the ‘“‘ Red Beds” were laid down in part on a granite floor. There were strong 
* currents, and possibly at some stages estuaries and swift-flowing streams. Shallow 
waters extended far to the east, and especially to the southeast, but finally the depth 
increased somewhat in these directions, the coarse’ deposits giving place in greater 
part to limestones and shales. Limestones also appear to the north in Wyoming and 
southward toward New Mexico, so that the principal area of deposition of the coarser 
shore deposits was between Huerfano River and the Wyoming line. In Permian 
time there was a shallow basin which extended across the western portion of the 
Central Plains region and far to the northwest. In this basin were laid down the 
great mass of red shales of the Chugwater formation, or upper ‘‘ Red Beds,” with 
their extensive interbedded deposits of gypsum, presumably products of an arid cli- 
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MAP AND CROSS SECTIONS SHOWING RELATIONS OF “DAKOTA” AND ASSOCIATED 
FORMATIONS ON EAST SIDE OF WEST MOUNTAINS, COLORADO, 
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mate. The sandy clay of this formation accumulated in thin layers to a thickness 
of 500 to 1,000 feet in Wyoming and the Black Hills, but is much thinner in Colorado. 
There is such uniformity of the deep-red tint that it is undoubtedly the original color, 
and this color is present not only throughout practically the entire outcrop of the 
formation, but also throughout its entire thickness, as is shown by deep borings. It 
is, therefore, not due to later or surface oxidation. This deposition of red mud was 
interrupted from time to time by chemical precipitation of comparatively pure gyp- 
sum in beds ranging in thickness from a few inches to 30 feet, often free from mechan- 
ical sediment. It is apparent that these beds are the products of evaporation while 
mechanical sedimentation was temporarily suspended, a condition indicative of 
ereatly diminished rainfall; otherwise it is difficult to understand their nearly general 
purity. Most of the red deposits were laid down in shallow water, so that there 
must have been subsidence which kept pace with deposition most of the time. 

To the southeast, in Kansas and Oklahoma, there was deposited simultaneously 
with the gypsiferous ‘‘Red Beds” a part, at least, of the dark shales into which they 
merge. These shales, which are of Permian age, contain thick deposits of salt and 
scattered deposits of gypsum at various horizons. Apparently also to the southeast 
some of the lowest ‘‘ Red Beds” deposits are represented by limestones of the lower 
members of the Permian, the products of deeper marine waters. Whether this depo- 
sition of the ‘‘ Red Beds” extended into or through Triassic times in the Central Plains 
region is not known, but evidently it was terminated by uplift which brought the 
region above water. Probably this condition extended through the latter part, if not 
all, of the Triassic and through Jurassic time, during which there was no deposition 
and probably some slight erosion. South of the vicinity of the Wyoming line this 
interval is represented by the general hiatus between the upper ‘‘ Red Beds”’ and the 
Morrison deposits. ; 

Cretaceous —East of the Rocky Mountains Morrison sedimentation was in a 
long, relatively narrow trough extending along the west side of the Great Plains. 
This trough was occupied by a shallow body of fresh water which deposited mixtures 
of clay and fine sand, with thin, irregular bodies of coarser sand deposited by streams 
or along shores and with occasional thin beds of impure carbonate of lime. Huge 
saurlans were numerous, as shown by the frequent. occurrence of their remains in 
the deposits, although it is possible that this abundance is due mainly to increased 
mortality or more favorable conditions of preservation, or both. 

Morrison time was succeeded abruptly by a change to conditions under which 
coarse-grained, cross-bedded, massive Dakota-Lakota sandstones were deposited. 
Although the deposits change abruptly and there was local channeling of the surface 
of the soft Morrison deposits, the erosion appears to be of remarkably small amount 
and no more than would be expected to result from the strong currents bearing 
coarse sands and pebbles. 

It is believed that there was no great uplift-erosion interval following Morrison 
deposition, for if there had been the soft deposits would have been widely removed. 
As it is the Dakota-Lakota sandstones lie on a uniform series of Morrison sedi- 
ments from Montana to New Mexico and Oklahoma. It is a significant fact also in 
this connection that some of the saurians of Morrison time appear to have continued 
into the next epoch. In the region in southeast Colorado, western Kansas, and a 
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wide area southward, where the Morrison formation is absent, there probably was 
dry land during Morrison time, but there may have been deposition of more or less 
Morrison sediments which were afterwards removed by erosion in an early Creta- 
ceous uplift. Marine conditions followed, during which the great Comanche series 
was accumulated. Farther north and west in Comanche times there was at first a 
land surface and then shallow waters, in which were deposited the sands now con- 
stituting the Lakota sandstone. This was followed by deeper waters, with wide- 
spread deposition of the material of the fire clay (Fuson) separating the Lakota and 
Dakota sandstones. Next came a recurrence to conditions similar to those of 
Lakota time, and the Dakota sands were laid down, marking the beginning of 
later Cretaceous time. The Lakota and Dakota sands were derived from various 
sources, probably to the west, and spread by strong currents in two thick deposits 
separated by the interval of invasion of deeper water and cessation of strong cur- 
rents, in which the widespread intervening fire clay was laid down. The sandstones 
overlap the granites in portions of the region—for instance, southwest of Pueblo and 
north of Canyon—and there are other places in the granite area from which the sand- 
stones evidently have been but recently removed. These features indicate the posi- 
tion of a portion of the shore lines at least. The extent of the Lakota, as separated 
from the Dakota, not having been ascertained, except that both are present in 
the Black Hills region and that the Lakota is surely absent in east Nebraska and east 
Kansas, their relative areas of deposition can not yet be indicated. The vast extent 
of this coarse sandstone formation is a wonderful feature, and it is difficult to picture 
the conditions under which it accumulated. The writer formerly thought that there 
might have been a shore line progressing gradually westward, with coarse deposits 
near shore and fine deposits in the deepening waters east, so that the ‘“‘ Dakota”’ 
sandstone in western Kansas, for instance, might be represented by shales in central 
Kansas, but as the very characteristic Benton stratigraphy and the ‘‘ Dakota’’- 
Benton relations are so uniform over the entire area this hypothesis is untenable. 

Following the deposition of this great sheet of sandy sediments there was a 
rapid change to clay deposition, of which the first representative is Benton shale, 
a formation even more extensive than the underlying ‘‘Dakota” sandstone. This 
represents the later Cretaceous submergence, in which marine conditions prevailed, 
and it continued until several thousand feet of clays were deposited, during the 
Benton, the Niobrara, and the Pierre epochs. In Benton times there were occa- 
sional deposits of sand and one thin, but very widespread, deposit of carbonate of 
lime—the Greenhorn limestone—near the middle of the Benton sediments. The 
shale of the Benton is followed by several hundred feet of impure chalk, now con- 
stituting the Niobrara formation, and this in turn by many hundred feet of Pierre 
shale, which thickens rapidly to the west, attaining 1,200 feet or more in western 
South Dakota and over 7,000 (?) feet adjacent to the Rocky Mountains in a limited 
area west of Denver. 

The retreat of the Cretaceous sea, which corresponds with the Fox Hills epoch, 
resulted in extensive bodies of brackish waters, which spread sands over the clay 
beds, and then of fresh waters, which deposited the sands, clays, and marsh material 
of the Laramie. Apparently these last-mentioned formations were not laid down 
much east of longitude 101°, for they thin rapidly to the east, although, as we do not 
know the extent of post-Laramie erosion, their former limits can only be conjectured. 
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Post-Laramie conditions.—There was extensive uplift in the Rocky Mountain 
province following Laramie deposition. This fact is clearly indicated in some areas 
in the mountains, where the next succeeding deposits lie on an eroded surface 
having the general outlines of the present configuration, a relation which shows 
that some of the mountain uplifts were truncated and the larger outlines of 
topography established by earlier Eocene time. This erosion was largely effected 
by streams which had strong declivities due to the uplifts. The earliest deposits 
were the coarse beds of the Arapahoe and Poison Creek formations, which mark 
one subperiod of uplift and deposition, the Denver, Cuchara, and Huerfano forma- 
tions marking another. Later, after the outlines of the great mountain ranges to 
the north and west had been carved, there was a long period in which streams of 
moderate declivity flowed across the central Great Plains region. These, with 
frequently varying channels and extensive local lakes, due to damming and the 
sluggish flow of the waters, laid down the widespread mantle of the Oligocene, or 
White River and Monument Creek deposits. These began with the sands, which 
show clearly the course of old currents by channels filled with coarse sandstone and 
areas of slack water and overflow in which fuller’s earth and other clays were laid 
down. The area of deposition of this series extended across eastern Colorado and 
Wyoming and western Nebraska and South Dakota, and probably also farther 
north, for the deposits have been found in western Canada. Doubtless the original 
extent was much wider than the area in which we now find the formation, for 
much has been removed by erosion. e 

At the beginning of Miocene time the general conditions had not changed 
materially, but doubtless for a while an extensive land surface existed in the Central 
Plains area. To the north the stream channels extended across this surface, and 
running water laid down a widespread sheet of sands derived from the mountains 
to the west. Probably the streams were aided, to a minor extent, by winds. The . 
streams of this time shifted their courses across the plains, spreading the débris 
from the mountains in a sheet which in some portions of the area attained a thick- 
ness of 1,000 feet—a flat alluvial fan of wonderful extent. This is the Arikaree 
formation, which buried some of the lower ranges of mountains to the north. It was 
followed by uplift, and by erosion which removed the Arikaree and parts of the 
underlying formations from the south and the east, leaving the thickest mass of the 
deposit in western Nebraska and eastern Wyoming. Probably, however, it never was 
thick nor widespread to the south, erosion predominating in that part of the area 
during deposition to the north. Next came the epoch in which the streams began 
depositing the thin mantles of sands of the Ogalalla~-Nussbaum and other late Plio- 
cene formations, especially in southern Colorado, southern Nebraska, Kansas, and 
regions farther south. At this time deposition appears to have been mainly in the 
south, erosion probably predominating farther north. 

These alternating conditions of later Tertiary deposition and erosion, first in 
the north and next in the south, were undoubtedly determined by differential uplift, 
the uplifted region suffering erosion and the depressed or stationary region receiving 
deposits from streams which did not have sufficient declivity to carry off their loads. 
This condition also is a feature of the semiarid climate of the Great Plains, the 


4551—No. 52—06——4 4 


50 ARKANSAS VALLEY IN EASTERN COLORADO. 


mountain torrents and resulting vigorous erosion furnishing large amounts of débris, 
which the streams of low declivity and constantly diminishing volume were unable 
to carry to the sea. Even if such a region is traversed by valleys cut during a time 
of uplift or increased rainfall, when cutting ceases these valleys are soon filled by 
sediments, and when they are full the streams, at times of freshet and to a less 
extent in the dry portion of the year, shift their courses so as finally to spread a 
wide mantle of deposits over the entire area in which there is sluggish drainage. 

Quaternary.—During early Quaternary time there was uplift and floods from 
increased precipitation, causing widespread denudation and trenching of the pre- 
ceding deposits. The smooth, high plain mantled by the Ogalalla-Nussbaum forma- 
tions, which originally extended to the foot of the mountains, was deeply trenched . 
and widely removed, especially along the Arkansas and Platte:valleys. These were 
wide and very shallow at the end of Tertiary time, when the present drainage system 
was outlined, but they were cut deeply in the succeeding uplift and the smaller side 
valleys were then developed. The two large streams east of the mountains have 
since cut their valleys to a low gradient and in times of flood build up their flood 
plains, but the smaller streams are still cutting. 


UNDERGROUND WATERS. 


In the thick series of sedimentary rocks underlying southeastern Colorado are 
several deposits which contain water. The principal water-bearing formation is 
the ‘‘Dakota”’ sandstone, but waters also occur extensively in the alluvial deposits 
along the valleys, in the sands and gravels mantling parts of the upland east of the 
mountains, and in the sandstones of the Fox Hills, Laramie, and overlying forma- 
tions. Smaller amounts, mostly of bad quality, occur in the ‘‘Red Beds.” 


“DAKOTA” SANDSTONE WATERS. 
GENERAL CONDITIONS. 


Throughout its wide extent in the Great Plains region the “Dakota” and asso- 
ciated sandstones contain water, usually of good quality and under considerable 
pressure. This water passes into the sandstones in their elevated outcrop zone 
along the foot of the mountains and in some of the highlands to the south, and flows 
slowly eastward through the permeable sandstone, in most cases finally escaping 
in springs in the areas of low-level outcrop eastward. In the greater part of their 
area the sandstones lie beneath a mass of impervious shales, which in central-east- 
ern Colorado attain a thickness of several thousand feet. The general structural 
relations of the formation are shown in detail in the cross sections of Pl. VII. 

As the waters pass underground in high areas they have considerable pressure, 
or ‘‘head,”’ under the impermeable strata in the lower lands. In parts of eastern 
Colorado pressures of 20 to 60 pounds are sometimes presented, which can be ex- 
plained only by the hydrostatic influence of a column of water extending to a high . 
altitude in the region west. If it were not for the outflow of the water to the east 
and south the initial head which the waters derive from the high altitude of the 
intake zone would continue under the entire region, but owing to this leakage the | 
head is not maintained, and there is a gradual diminution to the east, known as 
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Fig. 1.—General section showing thickness of strata overlying the ‘‘ Dakota ”’ sandstone in the Arkansas Valley. 
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‘“‘hydrostatic grade,” a slope sustained by the friction of the water in its passage 


through the strata. In fig. 2 is shown a simple apparatus which illustrates the gen- 
eral conditions. 

Another factor which undoubtedly somewhat influences the hydrostatic grade 
in the Great Plains region is a certain but unknown amount-of general leakage 
through the so-called impermeable strata, all of which permit the passage of an 
appreciable proportion of water, especially when under great pressure. From the 
altitudes of outcrops of this sandstone and pressures observed in many wells the 
lines in P]. XXVIII have been constructed to indicate the observed and probable 
head of the artesian waters. In areas of flow the pressure in pounds at any point 
may be ascertained by subtracting the altitude of the land from the altitude of 
head and dividing by 2.3 (the height in feet of a column of water 1 inch square 
weighing 1 pound). In areas too high for flow the depth to the point to which the 
water may be expected to rise may be found by subtracting the altitude of head 
from the altitude of the land. The latter is shown by the brown lines in Pls. VI 
and XXV. 


Fic. 2.—Diagram of apparatus for illustrating the declivity of head of liquids flowing from a reservoir. The shaded 
portions represent water. 


FLOWING WELLS. 


Rocky Ford.—Nearly all of the flowing wells in the Arkansas Valley derive 
their water from the ‘‘Dakota” sandstone. There are several artesian wells at 
Rocky Ford which furnish large supplies of excellent water under considerable 
pressure. The depths vary from 767 to 1,033 feet. Wells Nos. 1 and 2 have a 
diameter of 73 inches and a flow of over 100 gallons per minute, with sufficient head 
to rise 80 feet or more above the surface. One of these is shown in Pl. XXIV, B. 
The materials penetrated by these wells are indicated in the following record: 


Record of artesian well at Rocky Ford, Colo. 


he Feet. 
Surfacecmarterials ey 5525 es aie wee Nae ees ey Mokena A FS ee rs eds eS Oe Rene 0- 40 
Ghaled.. jc Sk ay Sale ana Stee Ne Ra PP aes Ve pe ee en es pe ey 40-250 
diimestone*withusallty, waiver at MbsiGO peepee eye eet aie eft nee ae eee a he ene EN eens ()— 200) 
ShaleSs ceo ro. SOE Ree aU See SE SCT Soak al ey i el py RO eget ge ere Ol ea cee Te 290-605 
COMall@v yeni’) hock SRE Wis Se ee Fe ea eae eu Nea a te Ne esc e Geiins Eee 605-608 
Shales: chek we SAS ea ys SA a0 ee Neo eno mea aC ge eee re ee 608-690 
Hirst sandstone (Dakota) ayit lays tow toli Solita vysaitie i ssa ee ae cman nee ee Seay 690-790 


These wells begin in the lower part of the Apishapa formation, pass through 
the characteristic limestone bed at the base of the Timpas formation from 250 to 


OTERO COUNTY WELLS. 53 


290 feet, and penetrate 400 feet of the Benton formation. The latter contains the 
characteristic 3-foot bed of ‘‘tale’”’ 100 feet above the top of the ‘‘Dakota” sand- 
stone. 

An 845-foot well at Wyckoff Park, near Rocky Ford, has a 4-inch bore and a 
flow of 115 gallons a minute. 

The il of the American Beet Sugar Gonianky, sunk by C. H. McVay in 1901, 
had the following record: 


Record of artesian well of sugar company at Rocky Ford, Colo. 


fe Feet 
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At 793 feet this boring yielded a 50-gallon flow, which increased to 80 gallons 
at the bottom. 

Manzanola.—At Manzanola there is an artesian well which was sunk by the 
town company. Its depth is 1,113 feet, with a diameter of 72 inches, and it yields 
35 to 40 gallons a minute under a pressure of about 55 pounds. The materials 
penetrated by this well are as follows: 


Record of first artesian well at Manzanola, Colo. 
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The record shows beds of the Apishapa formation, with the typical Timpas 
limestone at a depth of 598 to 633 feet, underlain by 400 feet of the Benton group. 
The latter contains the very distinct bed of hard shale at 933 to 936 feet which the 
well drillers designate the ‘‘tale vein,”’ and have recognized in many borings in the 
Arkansas Valley. : 

In 1903 a well was sunk at Manzanola for the purpose of testing the forma- 
tions below the ‘‘Red Beds” for oil and gas. A depth of 2,110 feet was attained 
without satisfactory results. The pipe has been pulled and the well abandoned. 
The following record has been given: 


Record of deep boring at Manzanola, Colo. 


UO s Sa ca SS oe Sa de OO ae eS See Ses SI ee oe a ee Rs RN Cee O- 50 
Limestone and shales (Niobrara and Benton groups).-...-..-.---------------------+------- 50-1, 050 
Sandstone: first “Dakota” artesian flow, 50 gallons--2...-2_.-...--..-%-.-2.222--2-------- 1, 050-1, 139 
Ghalecaprameeey gk Pure ster eae J 7 Ub er nO ae Te eS ps eg 1c 2g 1, 139-1, 239 
Sandstone; second “Dakota” artesian flow, 10 gallons__........-------.------------------- 1,239-1, 375 
Guravaclaysn (Monniso norm stom) See meee omen ace ee al ie) yao a nig oo zeae nee EN 1, 375-1, 655 
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The water in the ‘‘Red Beds” was too impure for use, and had only pressure 
enough to rise to 700 feet below the surface. : 

Fowler.—The first flowing well below Pueblo is about 2 miles east of Fowler, 
on the Atchison, Topeka and Santa Fe Railway. It has a depth of 1,372 feet, at . 
which it obtains a flow of soft water from the upper sandstone of the ‘‘Dakota”’ at 
the rate of about one-half gallon a minute. The record of this well is as follows: 


Record of artesian well near Fowler, Colo. 


Feet 
Surface materials.'. 2. [osc Ss So i Bee a eR ee es ae QO 40 
Shale. - oto 2s Shee ES TE Se en Ph ne 40- 825 
Limestone s 22.2.5 22. ces ae So eR an re REV ee ae 825- 875 
Shalee ob. occ Seo SE Ae SRS eae eg ca gl ee Sd 875-1, 270 
First “Dakota?” sandstone. 4.2222 22h op ae Sea ee 2 eee 1, 270-1, 372 


This boring begins on the Pierre shale, passes through the Apishapa and Tim- 
pas formations of the Niobrara, the limestone at 825 to 875 feet being the character- 
istic bed at the base of the Timpas, and penetrates 395 feet of the Benton formation 
to the top of the ‘‘ Dakota”’ sandstone. 

La Junta.—In this town there are several wells, formerly flowing, which yield 
soft water that is extensively used by the railroad company and in part for munici- 
pal supply. The principal supply is in the second bed of sandstone of the ‘‘Da- 
kota’’ formation, which is entered at a depth of 555 feet. Most of the wells are 
between 405 and 439 feet deep. A boring by the railroad company passed through 
both sandstones of the ‘‘ Dakota”’ formation and the underlying shales and sandstone 
into the ‘‘Red Beds,” which it penetrated at 1,050 to 1,150 feet. The record of 
this boring is as follows: 


Record of deep boring at La Junta, Colo. 


Surface materials... -.5/2.223.6ace-gs 25 Se AN Saco eee ee ee ee O 37 
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“Dakota”! sandstone, soft water: 422) 454-o52= aoe Se eee ae ae a eS -L) 
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Red’ and: variegated shale: 5 2.0 234.4... 003c2 8 Ge Be Sa See ae eee ae ees 1, 050-1, 150 


This well was plugged at 700 feet and obtains its principal supply of water from 
the second bed of sandstone in the ‘‘Dakota” formation at 550 to 605 feet. The 
original flow at 420 feet was 35 gallons a minute, but vigorous pumping has lowered 
the water level many feet and the water is now forced out by air lift. The wells at 
La Junta begin in the Timpas formation, but soon pass into the Benton shale, 
reaching the characteristic ‘‘tale vein”’ at 230 feet and the top of the ‘‘Dakota”’ 
formation at 340 feet. This formation presents an alternation of heavy beds of | 
sandstone with intercalated shales, and from the record above given may extend to 
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A. ARTESIAN WELL ON RIDGE SOUTH OF LA JUNTA, COLO. 


Depth 750 feet to Dakota sandstone. Not flowing at present. 


B. FLOWING WELL AT ROCKY FORD, COLO. 


Flows from a depth of 790 feet from Dakota sandstone. 


WELLS NEAR LA JUNTA. yb) 


a depth of 605 feet. The underlying shales and sandy beds are those which 
outcrop on Purgatory River, 25 miles south of La Junta, lying on the sandstones 
and shales of the ‘‘ Red Beds,”’ which were entered at a depth of 980 feet in the deep 
boring near La Junta. 

Two other wells of the railroad company are 420 and 439 feet deep and are 
pumped by air lift. A well in the McNeen brickyard, with a depth of 405 feet, 
obtained a small flow at 395 feet, which increased to 8 gallons a minute at 405 feet. 
Its diameter is 44-inches. The well at the flouring mill in La Junta is 425 feet 
deep and flowed 30 to 45 gallons a minute until other wells in the neighborhood were 
pumped, when the flow ceased. It is now pumped at the rate of 30 gallons a minute, 
but this is not its full capacity. An analysis of the water is given on pages 80, 81. 

A well on the hill in the southern part of the town is about 150 feet above the 
railroad depot, and its depth is 750 (or 766) feet. When completed, it flowed 25 
gallons a minute. Now the water rises only to the surface, owing to partial filling 
with sand and possibly to a general reduction of the water level in the vicinity by 
the several wells near the depot. A view of this well is given in Pl. XXIV, A. 

In 1902 a company was organized to sink a deep well 24 miles south of La Junta 
to test the ‘‘Red Beds”’ and their underlying formations for gas or oil. A depth of © 
1,703 feet was reached without obtaining either of these products. Although a 
number of beds of limestone were penetrated in the lower portion of the boring, it is 
probable that they are a part of the ‘‘Red Beds” series. The following record has 
been supplied: 


"Record of deep boring south of La Junta, Colo. : 
SOhtperaiy: limes OMe ete pst Fete ey ayes ae rede pe RE PLN al, SU a ree oc oe 0- 50 


Rushys limestone at, baserouuNio bramary meter tay aee ere eevee ee ee Sees 2 Se 50- 60 
Warkishalessok Benton(eroulp rast ase ee eae pace net eno SNe Sia Scio eee eos 60- 440 
Soft sandstone with artesian flow; first “Dakota”.-.....-..------.-.--+------------------ 440- 504 
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Solnsandstone artesian ow-ssecond i) Dakotawm-re ress ses 5 oe eee oe eee eee 584— 700 
Gray and greenish-gray shales with water at 820 to 120 and 860 to 100 feet (Morrison formation).- 700- 980 
“Red Beds”’ with water at intervals which rose to within 200 feet of the surface.-.-.-.-..--- 980-1, 703 
Some samples forwarded to Washington are as follows: 
Samples of borings from La Junta, Colo. 
. Feet. 
Sand and fine-grained sandstone of gray color, with some limestone layers and reddish sandstone. . 1, 230-1, 290 
iRedishale-awith:some limestone layerss-* wees os oss see sacs Sone Soe ae eee oe 1, 300-1, 500 
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TVASPIRUTEES SSN as BS ey A earth | SEP RO ae 1, 600 
Wedeshaleswith somevlimestone tragmentses-2 eas er ae see ys Se ee a ee 1, 612 
Gravglimestonerandired?shalesws 7.8 Sohne stheernrnsentease eae te cose. 2 Melee ee eee aa: 1, 660 
edisaollesan drenayp limestone aus aie te ke nee eee eevee secs «ok aes occa eae eee ee 1, 703 


The Lenox well, in SE. 4 sec. 2, T. 24S., R. 56 W., 5 miles west of La Junta, has 
a depth of 740 feet, a diameter of 72 inches, and yields a flow of 12 gallons a minute. 
The well began in Timpas limestone, 40 feet above its base, passed through 400 feet 
of Carlile, Greenhorn, and Graneros beds to the top of the ‘‘Dakota”’ sandstone at 
440 feet and penetrated the two sandstones of the ‘‘ Dakota’”’ for 300 feet. in the 
northeast quarter of the same section, on J. E. Gauger’s ranch, there is a similar 
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well flowing 15 gallons a minute. According to Mr. McVay, the driller, the beds are 
at slightly lower levels, indicating a dip of 27 feet to the mile in that direction. 

Holbrook.—At this place, whichis 9 miles due north of La Junta, in SE. } sec. 27, 
T. 22 S., R. 55 W., there is a well 661 feet deep, which flows about 100 gallons a 
minute. The head of the water is sufficient to raise it 80 feet, or probably much 
more, above the surface, and the flow is about 50 gallons a mimute from a 3-inch 
pipe extending to the bottom. The water is soft. No record was obtainable, but it 
is stated that the boring passed through 155 feet of limestone, 385 feet of Benton 
shale with some limestone at a depth of 350 feet, and penetrated 110 feet into the 
‘‘Dakota’’ sandstone. In the next township east are two shallower wells which 
have flows from the sandstone. 

Timpas.—The following report of the well at this place has been furnished : 


Record of boring at Timpas, Colo. 


Feet. 
Vooat terse sae eb Sse SielSisk icc sacred ahs 8 SOARS Oe Ne oe a a ae a ee ce ee pa 0- 37 
Dry gravels. 6.228.2 dain od soe Secies HS ATS oe St ay 37— 40 
Shalev. 2024.25 1 Sik Soe are SS Uh en Mi om alte a ara ae a a ae ee REC NO 40- 85 
Ibimestone!\(basal' Timpas);, some awiater!)5 4 255.4525 Se wee = ieee ice gai ee ae eA eg 85-137 
Shale, with “tale vein” at 440 to 443 feet—=398 feet of Benton____.._.__.__-_-......--.-.------- 137-538 
Sandstone (‘‘ Dakota”’); poor water at 544 feet, rising to 50 feet; 2-gallon flow at 570 feet_..._...... 538-580 
Shale s.2 222d soe ce See ae en ORE Se Se ee ee Oe ee oe 580-605 
Sandstone}; "poor: waibers 4. 25,5 Sete aS see ro eae Se eer epee ae 605-650 
Shale syle < toes eee eee ae eee een ose Ee eis ee a CS ae ee 650-656 
Gray-sandstone: 22 2 to SE Re se See ee ere ae 656-716 
Sandstone!“ Dakota’);*20-callon flow at: 7oomteetes sae ae oe ae a ee eee ene 716-790 
Reéd'shale; (Morrison) i... ose sei5- Sk oe Se as ee a Is Sia UR a 790-795 


The water which flowed at 755 feet was too highly mineralized to be usable in 
boilers, so that the boring is regarded as a failure. The water flowed into a tank 
27 feet above the ground. 

Ayer.—This is a siding on the Atchison, Topeka and Santa Fe Railway, 6 miles 
southwest of Timpas, and the record of the well is as follows: 


Record of boring at Ayer, Otero County, Colo. 


Feet 
Surface material. 2.02. sss Ek Re Se Sa es Sie a a a 0- 40 
Gravel 2282225 22's 2 52 hs A Ee sc ee 40- 43 
Gray. limestones: 5.2.2 2-05 25252 ts Be ace So) 6 Ree EEO en ee 43— 80 
Black'shales with “tale vein’? 147) Go USO mice te ees ore eee 80-249 
Sandstone (Dakota); soft: water:..< 9... = 2252s ee Se ee os ee ee eS 249-272 
Shales... Fede See 2 Sa ae SS Se eee 272-280 
Grayssandshone-sdnye eee o2 eee eee eee oo Ste 'aiaum, ae SAU SAE SRI A rat ane tery 280-287 
Black shale. ......- ee sence Se ee gic Ss YS SI gee 287-293 
Sandstone; poor water; 25-gallon flow near bottom; 3-gallon flow at 311 feet...............-.--- 293-343 


The water is of unsatisfactory quality, containing 18 grains of sulphate of lime 
to the gallon. 

Bloom (Iron Springs).—The boring at this place, sunk for the Santa Fe Railway, 
had a depth of 1,162 feet and yielded a flow of 5 gallons a minute, with a pressure 
sufficient to raise 1t 50 feet or more above the surface, but it was abandoned, as the 
water was too hard for use in locomotives. The following record is furnished: 
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WELLS AT BLOOM AND LAS ANIMAS. aii 


Record of boring at Bloom siding, Otero County, Colo. 


Feet 
CHES Sk ts ea Set ANS ae Pk he fo INS yl ed TEI UR ON a Re O- 25 
(Goad ellis Sa Ge Cs Rea tates ets cy he OS ats 3 es es Ae le, Mi eae) Ee Na eo gO eT gn 25- 31 
Shaleswithebadswaterath/Oweetss © ars mre jase te tay ee To aes td eS ep 31-87 
Grevechalets 22 Sue cys. 3. ewe Seperate ae Seea a eieuni cine cette reece Bila ei Arce BST ee 87- 154 
(Gireyesatd stone: 2.1 ee ie Mi afi fe) REN pare tale) A eae ame y la Se Aha es 154- 168 
Blackashva letras tests ao Ne ae samen alpen © Kenai ice gaieMen eh SRY SUE See TD ye ey 168— 170 
Sandstone qbrowniabove-spoonwaten see. a UA a see. were eee ey ORE ee eee 170— 229 
Sel Cpe aes, odd a Mee |ae We eR erpee uy Na iy A NPR SPs Are Io ARG MANN Ne SNR Le beta aaa 4. 229- 233 
Sandstone; 5-gallon flow of water at 240 feet..........-.-.-----+-+--2------------2--2---- 233- 244 
siTorrelesen Shon orate tate ss a eect ee yt pee eae a ule EMCI CIN eUa Ne | Uewueny. sow Oe ae Re 244— 255 
Sandstone; second water at top, first flows 3 to 4 pallens; another flow at 385 feet ..........- 255- 400 
edishalen Morrison) rege Pann sete recites pts ees cee ee ye Sages Si Bp PE cea ee 400— 450 
Wihitetsandstoney (Morrisons pam aemne ee ea sso Hn Spats oa te Tet Pe eya eee Raids ee ee er 450— 455 
AEM ral fotos oy Seen pa) i Ae een naan es SU tm nen te scenes NL uy > SAN AUER ee eS 455-475 
Rie dasa SHO me reer ar ete ee eee aes ae ae pe pty Moet 1s LO Rear Dap ee ay UATE 475- 575 
ie htconanash ale sense eye Aap yee oy tm es nen Ne Meh ue AML aad aN SNe OE sto Mes fede Os 575— 695 
Piet browse md st On ow nyse hes ame rca pal) ARAN cue See Nae lla Alles Sy Vary ne Sis Peta BST 695— 815 
Wark=nedysanGstone) sat ars seem anaes cee eel aE cae MnO oe Fie Eyl ld bat ghee Oil ke sD 815— 880 
edisandstone\s cya. savers see be is mgs, aca ee ep rar a URE Hey Ss ies ie MONS Lag Tamura, 880- 965 
Ved gah slleper rs rece epee ct anne we ee Bp Oy tad Mee recede OR as he a ak at Oe 965— 985 
Ved isamd Stone scr atte eee peepee nner eee ne ayia, sleipnee Sree rte 05 Se Nate ee eee EN eae re 985— 995 
COM type Spee shes Mgt a eA RNs re a ee TRS REN pn Dds pate Stee Mints eee SE at) peel 995-1, 000 
Ve Ushi’s) Cee pets ey betel sm pais ele RN emer Ahh A) Ve LAA Tay Ae Pea OY Teh ie At) Ad 2 SU AM 1, 000-1, 007 
Red sandstone; water rose 450 feet; quality bad_.-.__.-._.-.----- oe bp ae Pio S UL a aly 5 OA RUE 1, 007-1, 020 
Wbirtem limes tore? SM 05 Bias An aaa Mn ree ap oS eh Are AVS Ne Ded ON eee see Oa ae 1, 020-1, 025 
Hox | Sfehy a FSH) a Vey een apart nh eM SS ay dS i OY, ec Ue et ee oe 1, 025-1, 085 
IMCS TOMES Se te eta ae a haste NNR ca ee Ce NT pa aN c eae Mene Nia Ab Nay Oe wth Oye ed 1, 085-1, 087 
Redmsamadstome sftp sacs 1d Men eee Nee tate, ord NUN cane oh eee SI a By MA nee Se ceo hee 1, 087-1, 125 
PALETTES COME 27a fi see Noun ees Se ea nes rae exc ME ren ea NS tes SNA ME eas ia eS he 1, 125-1, 128 
Eimigoand stone\iawelte ly KOSC) SONG hes smart ees aaa ey steep RUS) eee Se yee 1, 128-1, 133 
TRECESHM STOR Ch ts Seek exer Oe spe Me ita feem ier Mitre se at ais MR AEY dal nent omnes Ae MI Nene P SSE ich eee 1, 133-1, 140 
Hedushialleait £45 Mee akan Mer sce iaaliare (easter ray ROR teva) sd say eee eres tae aes ee eS as 1, 140-1, 145 
Wihitersandstone: water roselooO meet = ae ee a eee eee Ler Sue NM ea agg as ee 1, 145-1, 155 
AEE CRS in a ence Se ame eae Dee ips te tac ae test PU me NN mM ere A cea ean Pays SC a ann acing oat ote ML 1, 155-1, 162 


The boring begins near the base of the Graneros shale of the Benton group 
and passes through various members of the ‘‘Dakota”’ sandstone series into the 
“‘Red Beds.”’ It was located on the axis of the anticline extending from the south. 
It is difficult to understand why a large supply of water was not obtained from 
the various sandstones which were reported. 

Las Animas.—The railroad well at Las Animas is relatively shallow, obtaining 
a 20-gallon flow of excellent water from the second sandstone in the “Dakota” 
formation at a depth of 330 feet. The following record is reported: 


Record of artesian well at Las Animas, Colo. 


Feet 
SOND RSLS TOE TEN ESAS SS eee es eT seg SRN SL SB cp yy = an Oe a O- 26 
PSVOVN LS 5 eee os ales ees ca eer ce es ei its oN es oN te 6 Force Aen ON ae Berea hese eas a ee 36— 90 
Sandstone; water at a depth of 90 feet, rising to —10 feet..........-.-..-.--.-.--------------- 90-195 
Shialewer attr te ee term eae Sh Re Sita Na Att ats LUO gla eon gy ae eR et RN A eg NP RN EE SN 195-240 
SandstonesmlowaatrooU meets neers kei mya eile wl nan tecerh Seas ho dace ec eel fe ae DS. op teed 240-333 
So) SAN i Sa SN Ee Na cae Seg ne SR IME Wn SEU AE NN ei Me 333-360 
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This well begins in the lower part of the Benton shale and reaches the ‘‘ Dakota”’ 
sandstone at a depth of 90 feet, as this formation rises rapidly east of La Junta. 
The second bed of sandstone in the “‘ Dakota” formation begins at 230 feet, with 
the usual intervening mass of shale. (See Pl. XXIII.) Other wells in Las Animas 
have depths of 250 and 267 feet and flow 17 and 5 gallons, respectively. <A well 
sunk in 1904 on the Cooper place, a mile north of Las Animas, has a depth of 316 
feet and a flow of 10 gallons a minute from a depth of 285 feet. It is cased with 
52-inch tubing. The pressure is sufficient, it is said, to lift the water 20 feet above 
the surface.. The following record has been furnished by John Baugh, the driller: 


Record of Cooper well, 1 mile north of Las Animas, Colo. 


Feet. 
Surface materials 2. occ ooh ee ae Serge eee as Sia cater ee cee re en eres O- 10 
Sand; witha: weiter sc 5 [LU a pena a ay Ue en rt ap peo ee 10— 30 
Black; sandy shales: 5.82200 2 S5520s Se Sa Oe SC See AN ees eevee rs sey ete, ee 30- 60 
Black ‘shales ss. Setanta ENE Sei ee re ey ee eee cee eee er lee ate ogee 2 OS SNe 60-— 70 
Sandstone’ (Dakota) * withewater to) Oee ts eee eee ea asta ee 70-170 
Shale, with sandstonedayers: 2.225 20s poe eee ee ene eee ee eertene eae fal Ge pay ee 170-266 
Sandstone (second “Dakota”’), with main flow at 285 feet_.___ 5_.--_._----__.-__..-_------.!__. 266-316 


Twelve miles northeast of Las Animas is the well which was sunk in 1881 by 
the Government under direction of the Department of Agriculture. It was known 
as well No. 1, and is located 7 miles northeast of Fort Lyon. It had a depth of 
815 feet, but obtained only a small amount of water from a depth of 430 feet, which. 
flowed at the surface at a rate reported by some persons as 2 gallons a minute, and 
by others as only 3 gallons an hour. The head was stated to be just sufficient to 
raise the water 10 feet above the surface of the ground. This boring cost $18,353; 
the record is as follows: : 

Record of boring at Fort Lyon, Colo. 


Feet 
Sand; gravel; and: quicksand: 2 2) ey jo) 2 oe See ee ae he ee sr en) 
Soft, blue clay..------ Bad Wels Seen asap sce sts a! Ste se ahem oe ese ecteees Sonsee gees sses: 74— 80 
Blue shales. 2-2. ..s):2 oi te. Se el cps acid en ree Ce, ea ee 80- 86 
Gray sandstone: s. 252.2 24 ches ee ces eee eS oe Lee See a eee ee eee eee 86-116 
Dark'shales.i. 3.222 ence PaO A oe Sais See res ee ete ee eer elt) 
Streaked sandstone. ove es ieee ces Re Shae ices sae es ee 120-140 
Gray, Clean, omit .< 22 2). yes RS NG Sei 2 epee Se aa een en ea 140-150 
Black, sandy shale... 2sssc geese Saceise 22 eens a Scere ae See ey ee 150-180 
Mottled, eray’sandstone 2 2... 5 2s5 shes see oe eee Se Oe eee eee eer 180-190 
Micarsandstome:.. 2.22 2.7 hepe Nk cee Be a a er ee eh cen ea 180-200 
Mixed sandy shale; :light,\wery softs...) 22 .t Seal ae Ss ed ee ee eee ee 200-225 
Mixed sandy'shale; dark, very softia:. 3.2.22 22555 2 5c see eee eee een eee 225-250 
Black, variegated ‘shales veryisoft.<_ 922 3-3-). Sooo eee eee ae Seer ee eye een peters 250-275 
Mottled: purple’shale »softe.0 3. = 5 eee he Se See one ee ees Mere Nea oy: Meee ee 275-300 
Gray shale; ‘softse Secu LS ae Oe a 2 aes SN a a an te ee ree See PS eae 300-320 
Mottled shales; soft) 2222255. 450 eBo See = feat i ere eee ee ree Mae eee re eet rar eae 320-340 
Black, shale; softens igs ie Fagen en eve ae 340-344 
Gray sandstone: [220 Ji. ce) fo uh SAS Bh te re oe rate pee ee 344-355 
Coarse sandstones: 2250s oie see eee "NEE ag, GEMS od Ge pS a A es se Re oh 355-368 
Gray sandstones. 2004) ek OSs Scce ope te ee Sie eee SS ete ee eee Serer 368-382 
Greenish clay: = 15 55 2p ah ae ae oes a ee re re re Nee ee 382-386 
1 C5 neta CPmMULe: RE aoe en tAry NN Ie Leip a esl uk ae a ue Siri on AONE ema SSeS 386-396 
Green and red sandstone, softs sle-ce 2 SE sae pss Se a eee ae a eens erent 396-439 
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Feet. 
Wank=rednshialless seer asaya eres ae prin el ueeia nnn error an sc) orn aa yee Neat aha iE ie ME ae ald blak 439-445 
IRS bye CRA ASATIGS LOM Cue tte eyes eat ay nate a les aR Pe Sah RCN yes LN! idee SAT a i Beraes D, 48s, ae MO 445-450 
Greenishell ex o5 Serr) siemens tele antennae Saar ALIS EWE Alam UN Ae OW wh Roel cs oe wale 450-460 
Greentandtredtshalessoltimaswetr tee nape oe at ne rm enc aye drys Sle ncee re Je NR aE See Smee ep are 460-500 
(Cre SHAG SO Gari tat skye onal clay eters Sir Oke i ee SEAL AN ets eM en ea eed Te 500-520 
Compact gray shale..-.....-.-.----.--- Peres eae Maca Sn WA TA a Sc PS UI et lh Shay eS RANE 520-550 
Heller Shall es Fars fos Se i cae eg tree Nyy ye nat cy MR Uno I lee ye Nee ecm Mea NMR TNR 590-570 
Mine sredUsanGdstonerem is yee wey yem eA RePR a UniMon ae AGS stays Leese ea ait). CAEN Pde De Os 8 570-580 
Coarse, red sandstone. ..-.-...----- PUM (Bete dik eae Chet OE Piece ee hye Ry eh ect rR Sticenal taka 580-630 
Itandiredisandstonensomercyypsuiile she pye ae ey) etre a Moses et Oe Sh ay tine ie al CUS Seep a pees seams LON fe 630-650 
SPOULedesANd Stone apse aay Se Nees spelt ey een Us eye AON an de cn ot vshiapsti NI, Meee et Cla 650-662 
Mixedisandstoness Vets Wie ssh. Bie eare wht ON Mia e i he ais SUN Seca saa Seeapee al net hea cd 662-703 
Redisandstomerimassiivecue rym ase erie esol tet cotel Se eA este a CR Ie AM NT BAO aie As ameaaley ne --- 703-751 
Soft, red sandstone. _........- SSRN lente Cranes: LMU MTN a ay Mons s RoW Ee ee wt aes SUM eles oe 751-783 
Spotted! red sandstones--2 8222-4 Sao ce ls aeit he nese ek Ne eae ee MO UH oh ALO A tee Py aR ae 783-815 


The Marlaman well on Horse Creek, 12 miles northwest of Las Animas, has a 
depth of 493 feet, and a 7-gallon flow from the second ‘‘ Dakota” sandstone. The 
following record was furnished: 


Record of artesian well, 12 miles northwest of Las Animas. 


Feet 
SuThacelemm arterials crate ete ge ete pees eyes et eens my See rR rien SL! aC yr pA TL RN Uy rape etacS wetok wane Sia 0- 30 
cmestoneisand! shalesisey ster he eae a nae rie pte coos year endure Gee eT Ba ate YA eit fe 30-230 
Makotarsandstonesrvalllltl ovens Senseo eye rere oe poten lata 2! ph ae e ae pa Goa he eta oe Mae or 230-330 
Shalevamd sama ston erey ye paw peewee ate Mal ateneiae aes asap NaE FUE Icey aie lh Qa em ee RY RD an ey 330-443 
A SECONG MAD AKO ban esa INS t Oey se Seen ene re AMAR SLi nN VET Ain US Mo ie iy. Auta chee d Lee Cae aay 443-493 


Plum Creek.—At the Blackwell ranch, on Plum Creek, about 20 miles south of 
Granada, there is a small artesian well which obtains its flow from the “ Dakota”’ 
sandstone at a depth of 1554 feet. It is in sec. 1, T. 26S., R. 44 W. The head 
was found more than sufficient to raise the water to the top of the tubing, 46 
feet above the ground. The volume is 18 gallons or more a minute. This well is 
important as indicating that artesian waters may be expected in the central and 
east-central portions of the county, at some distance south of the Arkansas Valley. 
Much of this region is occupied by the Greenhorn limestone in the middle of the 
Benton group, so that ordinarily about 250 feet of shales would have to be 
passed through to reach the top of the “Dakota” sandstone, and this formation 
penetrated for a hundred feet or more to obtain a water supply. 

Pueblo.The first deep well in the Arkansas Valley was a boring for petroleum 
made at South Pueblo in 1879. At a depth of 1,166 feet a flow of mineral water 
was obtained, amounting to about 100 gallons a minute. The boring was continued 
to a depth of 1,412 feet, and was cased to a depth of 900 feet with 6-inch casing. 
The well has continued to flow with nearly its original volume and a pressure of 60 
pounds to the square inch. The water is not suitable for domestic use, but is the 
basis for the Clark mineral-spring resort, where it is employed for bathing and medici- 
nal purposes. The record of the well is as follows: 
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Record of deep well at Clark’s mineral spring, Pueblo, Colo. 


Feet 
Sorlamadsoravels Royse eee ee pe oc eee O- 34 
Blwershalles: 22. 5.4) 0A a Sa eS a ee rn eR eae ea 34-58 
Blacleshales foc 2 sss. aes See Siac ends See rere ae ee ene 58- 630 
Sand)rock; white below: -2.)2/2..5 oS Sse Roe he ee ee ee ee ae ea Seon eee 630- 690 
Blickishale ssc cee fe foo fh Ae ee sae aright» as ene an oe eae ee a 690— 700 
Soft ;course:sand rock... 2.2 2. pid so hyo ee eee ey Se 700— 735 
Blackishaless* -o225 5 a2 a 28 eg oe SSE Ses Aen A a ee eee 735- 900 
Sand rock2u os 25.2 5.2 = pins ROS Re eae ae De lt ge 900— 940 
Black‘shale te. 21. 2 25 SSS eects Ae ita a a Seog ee ae a 940-1, 030 
amid rock 2 A. ase te ee ee ee a ce gee ee oe a ge 1, 030-1, 045 
Soft: black shale 22) 2:2 = 5. xO ee AE spe pepesSeeeeatee ea sea ey ee mai 1, 045-1, 148 
Sand ‘rock with flowof ‘water see soso See ete ee Sree ne ays eee ea) Oe 1, 148-1, 180 
Black shale 2.2 se) Ss ees Se Se peel iy Shen ret ogee Se eo) 8 Me pene yeie 1, 180-1, 195 
Coarse San dirock site Sos Sete aes ye os ee ee ee ee es ge 1, 195-1, 230 
Purple shale! 2s. 3225 S515 Ss Doe Se is ese ig pe Ire pS ae ae eran ea 1, 230-1, 240 
Samd iroekeg’ = 1a 3.22 nese spa gse 2 SRS SI ey <n pe eee ae er eee Ee ee eee L240 0) 
Noticivenza: soe, 5502 = eee ME sete BE aes OAS ON PY bi alate yas | SY 1, 270-1, 400 
Purple shale: 2223320 252 ss Angee Seek GAG seen aiea ape os Oey a ee apse aiy Semmens 1, 400 


The Colorado Coal and Iron Company has a well on the mesa south of and 
about 100 feet higher than the Clark well. The depth is 1,260 feet, and the flow 
of 20 to 25 gallons a minute is not utilized. An analysis of this water is given on 
pp. 80-81. Another well at Mineral Park in the same vicinity obtains a small flow 
from a depth reported to be 1,150 feet. At the Fariss House, north of the river, in 
Pueblo, a well said to be 1,400 feet deep flows 13 gallons a minute and has a pressure 
of 60 pounds to the square inch. An analysis of this water is given on pp. 80-81. 

At the Grand Hotel in Pueblo is a well 1,219 feet deep and 43 inches in diameter 
which has a flow of about 20 gallons a minute of mineral water under a pressure of 
50 pounds to the square inch. At 1,050 feet there was a flow of fresh water under 
a pressure of 15 pounds. An analysis of the water is given on pp. 80-81. OnColumbia 
Heights, a suburb of Pueblo, there is a 789-foot well which found a small flow at 
516 feet, and a second flow at 779 feet—in all about 8 gallons a minute. 


Record of well in sec. 9, T. 21 S., R. 65 W., Columbia Heights, Pueblo, Colo. 


Feet 
Soilontoravel:: 22 e220 a oar aie Bil so Rs ate hae eV ye ORIEL IR ee oa ee 0- 31 
Shale x= 226 ah SOC ee eh is RG eS oak gat ea oe Oe ae re Be See es SD Bae SN OR Sete 31- 90 
Timestorien ge '<..)28 2 52S ee, Se eee ee erie NI t= ed 90-105 
Blick: slater. 2 oats 2 erat Serge ral ea eee ar ie ee NEG le a LS Seana ee eee 105-516 
Sandstone) wath water.oc: <2es5 See A ea se a eee ge ee ae ee 516-616 
Blacks slate sj. 22 bc SS eye ae et SS Ns rm ee re ee 616-779 
Sandstone;,second How: 2252: Aor ee ee ye Ee ene eee ere Bee ee ee 779-789 


In the adjoiing section 17 is a well sunk by C. H. Small, which in 1888 had 
a depth of 772 feet and a small flow. It was deepened later to a second flow. The 
water is similar to that of other wells in the Pueblo region, containing a Byed deal 
of mineral matter. The following record is given: 


Record of artesian well of C. H. Small, Pueblo, Colo. 


Feet 
Black soil. 222 25.0 ata 2 a GSS aes ie oe RL gee ct a 0-12 
Blue shales is s:ol cc Wo Suet ye SB Seeie Be eines eae ER FS enc 2 ES OE 12-72 


WELLS NEAR PUEBLO AND FLORENCE. 61 


Feet 
[Baeyelle SMA SS SSS a eee Se Sis Sk eS Ee ea Pea lg ey ee oe 82-413 
DROVE TERS SIT CSCO TIC UE Sera genes NNER mI trae NMG EM ramet tute Sle NOS led HM A 9 el 413-575 
IRGC! malice SoU Se wae eee bn fobs Sp Nee Ae ee eS Oso ae BOs A ke eB 575-7€0 
Granvasamdstones hyn ethene es oes eer tess LE RS SH Mpc ae A Bays a SS yee cle Sy Ve a 760-772 


On North Pueblo Heights a well was sunk by a suburban company to a depth 
of 1,820 feet, finding small flows at 1,200 and 1,820 feet. This well is in sec. 12, 
T. 208., R.65 W. A flow of 14 gallons was reported in 1889. All the Pueblo wells 

_draw their water supply from either the upper or the lower sandstone of the “‘ Dakota”’ 

formation, but the water is too much mineralized to be of general use. There was 
formerly a well known as McLane’s, 9 miles west of Pueblo and 4 miles south of 
Arkansas River, on Boggs Flat. It was sunk for oil, but none was found. Water 
was reported at several horizons, but no depths were stated. 

A well on the south side of the river 10 miles west of Pueblo is 795 feet deep 
and has a 30-gallon flow. Sandstone was entered at 535 feet. The water contains 
110 grains of solid matter per gallon, 

Florence.—Some of the oil wells in the vicinity of Florence encounter more or 
less water at various depths down to about 1,150 feet. The water is strongly 
mineralized and often is in large volume. A typical record is reported as follows: 


Record of well in sec. 23, T. 19 S., R. 69 W., near Florence, Colo. 


Feet 

SUM ACO yA LOTTA! fe exe ea ea eevee eee erent yee eee G eee r MAUREEN, OURS ky REE aa 0O-— 20 
Shale and sandy shale; flow of water..-..-.- Cae eae ee tes AN an ae a cal St ap eat ey 260— 280 
Shale! withtlayersiotelimestione separ ween mine ema. cia sf abies. Duel iam So nk eae te a 280-65 

umestones ee tee we eee eee eae A el Si AN OR ee ec AR oe Ee oR Mae ep 650— 695 
SLITS LOM Cases Seen arte ae See ne Cane en pe eM age Pg ESS pM ocd ENE at SE ole eee 695— 699 
Nihrteksandstone second flowy peers peme vars Mee ont auc tases Senate rete eu Wor es 699- 722 
Shales, limestone, and sandstone; very large flow..._....-.------------------------------- 722-1, 130 
hialesrandysandstones. mse ae sik eey eer eee Ses yet et ey ae win eee Senae tes Pe NT NT gay 1, 300-1, 400 
Soltiys nal Cao8 oh ie BN eS ee ee een arpa ety Ree he em MT pe SLC ag Weta oT 1, 400-1, 600 


In 1905 an artesian well was completed 6 miles north of Florence, which is 
reported to have a flow of 360 gallons a minute from a 53-inch casing. It is located 
in the SW. i sec. 26, T. 18 S., R. 69 W., and has a depth of 1,230 feet. The water 
rises 6 feet above the surface and has sufficient head to rise 80 feet or more. The 
temperature of flow is 87°. Water was found at depths of 230 to 235, 300 to 345, 
and 815 to 900 feet, besides the main flow at 1,210 feet. The record is as follows: 


Record of well in SW. 1 sec. 26, T. 18 8S. R. 69 W. 


Feet 
SA cupalOM MUR BC OGISI pte, asthe tepescast ge ae te Se Ie ae ete Reet aoa Rie ee Saye tS 0O- 13 
Clonal ara sHtIDA SS SAU eee chore MEN OOS Aes Cte dys a ee CN a eet ROR ew ata ge Tks 
ILigini-lwe Gey Cabo) hates Meee oe veel ce Spa St ae eS ee ee eer teed le Sele ae 18- 210 
Niles bey hime ees ate ps ek Poteet hala ep ND pa Tee pL ta A a oe | Th a a 210- 250 
Nien co lone ks and setae a ee Siete. aye Wie seg eee ee see Mideast Noes ty ere) os Se Se CT 8, 250— 255 
hal eran ds limestoOne ys lteKma biG ayy ees See ne ee tes ee Mo ee ee 255- 780 
ieht-coloredWimestoneee sess ten os ee eee aes Dee ee se SER CA eae ye SS 780— 810 
ieittcolonedasaAn dstome pests mses eee cnn eA a eeree Sy eS a Mera SA os 810— 825 
Shalevswaththardlayers;sonerlimestones ss -- seers a ene te a ce ee Sk ae 825-1, 025 
Dycalbosh'all omar erste eee a a corer tie Me ae eT CR ORGS Teeehe ye eee TALS Slee 2 i en ch 1, 025-1, 195 
Se MGS TOMemawi blow nance eine rsa ety Spee ee te cee etree ia Mate iounge na he oer a th Mae SO a Ge ee 1, 195-1, 210 
PAD akcotamursntl CStOM ere m Hes ren Ghat nc a = laa aby Lara EA ta en Set TOW ay da Pe amt Runrne Ooal RASTRRFeB 1, 210-1, 230 
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Canyon.—Three miles east of Canyon there is a flowing well 900 feet deep which 
appears to derive its flow from a sandy member in the Pierre shale. Another well 
5 miles south, 360 feet deep, has a large flow from the same source, or the basal 
Laramie sandstone. A new well at the Sanitarium, 3 miles northeast of Canyon, 
has a depth of 1,670 feet. It is 6 inches in diameter and yields a 300-gallon flow 
under a pressure of about 30 pounds, probably from the ‘‘ Dakota” sandstone. 

Portland.—This well,is 10 miles south of Portland, on a branch of Ritchie Creek, 
near the south margin of Fremont County. It flows about 600 gallons a minute 
from a 6-inch casing and has a depth of 1,135 feet. It begins in the upper beds of 
the Apishapa formation, at an altitude of about 5,550 feet, but no reliable record 
could be obtained of the beds penetrated. Probably the Niobrara group has a 
thickness of about 650 feet and the Benton about 415 feet, for it is stated that the 
“Dakota ’”’ sandstone was entered at a depth of 1,065 feet. The water contains some 
iron and other salts, but appears to be satisfactory for domestic use and irrigation. 
Two views of this well are given in Pl. XX VII, which also show the deep hole washed 
out by the water that escapes along the side of the casing. This well indicates that 
wide areas of flat lands, extending east and north for many miles, are within reach 
of flowing waters which may prove to be valuable in reclaiming the land. Much of 
this area has the fertile, limy soils of the Apishapa formation. 

Chandler.—A short distance west of Chandler, which lies south of the city of 
Canyon, there is a flowing well 1,075 feet deep sunk in a syncline near the foot of 
the Wet Mountain Range. Its flow is derived from the ‘‘Dakota” sandstone and 
is reported to be 80 to 100 gallons a minute. The water is tepid, has a decided iron 
and sulphate taste, and deposits a yellowish-red precipitate on standing. Two 
other wells in the same vicinity yield’ flows from depths of 487 and 364 feet. 

St. Mary.—A 1,670-foot well just east of St. Mary obtains a strong flow from 
Dakota sandstone. The water is ‘‘ alkaline” and is not used. 


NONFLOWING DEEP WELLS. 


Ordway.—At Ordway, on the Missouri Pacific Railroad, several wells have been 
sunk which have not succeeded in obtaining a flow. The ‘‘ Dakota” sandstone was 
penetrated by these and was found to contain an abundance of water, which, how- 
ever, would not rise higher than to 80 or 90 feet below the surface. The materials 
reported in one of the borings, which has a depth of 1,508 feet, are as follows: 


Record of boring at Ordway, Colo. 


Feet 
Surface materials cs. ''2 2 /5)..26 See tee oa os ee ee O- 42 
Black shal@s oe .52.s55 ose Seep ee ee a 42- 60 
Blue‘andsgray ‘shale = 12 .-..-20:5. 85.0: Gado 2 Ae! 45 2p eases ee eee eee eee ener eee 60- 90 
Shalervand!shells:c fe. 2 yao Lee es ee eee ee ee ssquesesicedsdeteecsese 2 90-116 
Blue shalez2 (ow vance ete eta gees Se we ae pyattin whe Sete tesa © eae ere ea ne 116-145 
Blackshale 3) 2 Pocus ate 8 Aen ap h ayeenee em So RRR oc ate ae eee 145-185 
Sandstone 2 2s espe tn ic: ae ae, FOO Ge elaine tine oe RE pene ec, Un oven ea 185-245 
Black shales 2.20.53 bc ohare beck oe See es ce eS tee ee ge 245-270 
Gray shale: -_--o2-(ay5 eo choy oper etal etc eee eee ee ee 270-345 
Limestone; soft. 25). 32 55. Sets So Sic Siete te a ere ee oe a 345-410 


Gray shale, some linestone iG: te a oboe ele oe pee eee Et oer Se ne Ree ee ner ae 410-473 
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Depth about 1,000 feet; flow about 700 gallons a minute from Dakota sandstone. 
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2, Feet 
Grayishaler canker below eee ars were nny a) eerste Mam un ra Marae a, AMOI Yolen ne a alae 473-580 
Backes ir alles steer eee te anak par ie Ree er IRD IRC eae Min Sime een COURS tee NE ey ha se 580— 650 
(Ciena Gian eeepc Neh RL Ve UO US oem? SA ae Nes (ce nan ge A a ae 650— 700 
Shollezwmtheshell sek, 20 meet ta aimee aetaA art yegste ts (Mune yes Se Ney Sie OR Ml) seal Me! Oe I 700— 710 
Silalle parser ae ciety Ree Aa omemnee he Pe iia bh adm San eh A eaieke UD Sh OMENS MN pe Le ie 710-— 765 
[rowan stale mya ae ed a eso eet nope ere th: Leap RAHE Sela ree ch AM ORR AN 52 ol el etaliie 765- 785 
irohteorayish alos ey seat sine oer: ae my 2 MN Rae ae Mle AN Tas ER SMS 5 AL Ay af pote s --- (85= 800 
ISTO willy tra lee eke s et oe Se el ya bt I pe PR NM a STA ae Rar NA ye NLL 2 800- 825 
Shalevandslinvestomeslayensaee sector eee oe oie en cee Meee te ete Gan aceite face e 825— 3845 
Blacks shralles. eye sacar et ae tee Some Ce, ae hays a RE a ety he | IN eR aps ye a 2 845- 855 
Shale with limestone layers. -..- 235 Sec ete het RENE Cees he ae en eT teeter ae terre Me 855-925 
nimestonerand shales yes oe teers ees REE ors Se eres Agere ate «eee Ne Tels She 925- 960 
SITIOS GOM Cay eet pee cm 4 a Hennes eam Sure TPA che ti Sy perks Stee ee Stn a oh Ee RE ee ak, 960-1, 010 
HS se kes hell eae apt ce eee nn PORE enn yh cru mn, Spe ORR OP) Binge dh cy SR Aa Ee oye ee oe ey a 1, 010-1, 325 
BE ORR ESE ES Si aes ee RAE cet SS Pe aC i ek ade rR ag ES 1, 325-1, 327 
IBC eH Do kace Mewes Ra Ae a0 SLES SI ae eet Ae nt ene hep ena Pea mE SR Ah eS ne Te 1327-1, 410 
Sandstone (Dakota) contaimincssomenwavene meres ees eee eee a stele ae aye 1, 410-1, 500 


This boring apparently began in the Pierre shale, passed through the basal 
limestone of the Timpas formation at 960 to 1,010 feet, but either did not penetrate 
sufficiently far into the ‘‘ Dakota” sandstone to obtain flowing water or more likely 
the altitude of Ordway is too high to afford a flow. 

* Sugar City.—The boring at Sugar City reached a depth of 1,308 feet, but did 
not obtain a flow. This well is reported to have entered the ‘‘ Dakota” sandstone 
at a depth of 1,230 feet. 

Arlington.—A well has been sunk in sec. 13, T. 21S., R. 54 W., in the northeast 
corner of Otero County, 10 miles southwest of Arlington and 18 miles due east of 
Ordway. It has a depth of 715 feet, but, although it reached the ‘‘Dakota” sand- 
stone, the head was not sufficient to afford a flow, the water level coming only to 60 
feet of the surface. The supply appears to be ample, for the well was pumped 20 
gallons a minute. The following record is given: 


Record of well in sec. 18, T. 21 S., R. 54 W., 18 miles due east of Ordway, Otero County, Colo. 
F 


eet. 
Sauda yc lea yes at tas ee sere ha SN eee © ee eo ye ee ee Me een Nao SCP nn aaa aap ae te NSPE Aes Se ee Q- 40 
FES HLe NS lnell Cera: escape ernte Si RCN: Loy 9 I. Seemed AVR a SEL oe. lige Retro s Sas Sassen eA ET rly pl A Nas ah 40-180 
Sandstone: Mes: Siete eee Aa OR ie ee ne 2 Unt s aA US WEB asin Syn Sane oe aS on 180-187 
(Guany Gnale. pas baa cme tear terete Stra Sens Sl ane age ee ENED Sage Siaetih Cena She Nae BU Rane eS Once 187-227 
Limestone_._..-. -- tee SH Om Stat ieee SR RR TTT Set SOP a REN BREEN Sek © 2 StS PPE 227-267 
DOMMES epg tesserae st (2 gaat egey mere mye Bo Sea Feye pac MR Shwe dT ENS alee END ely Wye Aes Sy ap yey Me 267-372 
IDTVTINESTIOINO SE, 2 NTS ee ach ee ALC a GL ail Ze Seacre cp A Ras oe ERIN Caco ONE ae gene Soe eR Bie Nea UR eh Re a 372-377 
SHIM kyr anllas 2 Hp eis Aiea mS ee ey Ec sree eater 3 ns Te en ee a ee 377-432 
SIGOS Se oS eae a ee er a es EN ee) AUR LP Le (ge A 432-477 
BROW INA 5 5 Sesh wee o NN ee a stares SN ee Wee i occ 0 en 477-584 
SIO. 34 gis k LOE Ae eS eS ee dele ene ctetieer arse, aiid =) an NPR ee SA Ae a ae a RN oe 584-594 
THEGE SHmChy Goal Geos Seas e See Nae ee Se acai 5. tie NS mn ae een ee Ee engines ye cot tre 594-688 
(CELANVASRIAG SCO MG mee maar ceabarn arate eines eNay im meee eysIAw tah ey eel EES edhe 688-703 
Winter: Deanin pysameds toners weyte tierra en. i epee aes aMey etn ie ARN Aer a ON Sees eee 703-715 


Las Animas.—A well was sunk in 1903 in sec. 36, T. 21 S., R. 52 W., 6 miles 
-west of the Government well, to a depth of 720 feet. A satisfactory supply of water 
was found in sandstone at 452 to 474 feet, but, as it rose only to within 300 feet of 
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the surface the well is regarded as a failure. The following record was furnished 
by the owner, Mr. O. G. Scott: 


Record of well 8 miles north-northeast of Las Animas, Colo. 


Feet 
Juoam ‘and sandstoneé..,..2.-20) so Soc Senin Pe sie ee Bs 3 O2825 
Dark shales... 2s. 42 2s SS Sn ea to ey Se Te ee ae 25-452 
Dakotasandstone; water tov—300 feet... BS sae sean See ee ee ee 452-475 
Dry. sandstone .\2 20 S85 52 2S ae PO en ee 475-596 
Dark shales... 3.6252 Poe SSE cE Sn ee ep hy eae 596-656 
Gray shale with “bowlders]74@2) 2555-22) 2 pee ee Ry a ee ee ae 656-700 
iil WF 1) ke , e, e e e e  e Josggacemants 700-710 
Gray shale lying, on redishales 22 oo 7 0a SL Ite sa ae a 710-720 


‘This well began at the top of the Carlile formation and passed through the 
formations of the Benton group to the top of “‘Dakota”’ sandstone, at 452 feet. The 
sandstone is reported to be 144 feet thick and underlain by 124 feet of Morrison shales 
to the top of the ‘‘Red Beds,” at a depth of 720 feet. ~ 

Caddoa.—At this station, which is on the Atchison, Topeka and Santa Fe Rail- 
way, on the river bank, a well has been bored to a depth of 582 feet. The upper bed 
of the ‘‘ Dakota” sandstone outcrops extensively in this vicinity, and the well reaches 
the lower part of the lower sandstone of the formation. It is 10 miles southeast of 
the Government well described on page 58. The water obtained at 285 feet was 
hard, so that the wells which are now in use obtain their supply from the upper bed 
at a depth of 70 feet, where the water is relatively soft. The following record is 
given: 

Record of well at Caddoa, Colo. 


Feet 
Surface materials._..-_..- Se a Re Amn I a oR coe, SIC a A doe Me eo ae 0- 29 
Yellow! clayis coco Foto Se EN CCD ob oe ae C2 Ae eRe ee ee eee ee 29- 33 
Sandstone; ‘soft water absaQ feet 2 ke Sec end Soi Se er pee ea Syne Se pee ee ee 33- 66 
te) 00} (Seo ee eR. eh wee a ee Ee NT er, Mee ee oa acd Ga einode ese eeS 66-175 
Sandstone, hard water: gic2 oo) EA ea eta a 175-285 
Variezatedishale, waterto —75 feet. -o.- 0: aes sane ee eee secesovansceesacs: 285-300 
Sand rock, ‘water to, —60 fects se Ve ose ee 5 es pe ne ce en ee 300-345 
Shale: 6242s band ee ec s SIE SUSE RN Sek ee ST etree a= ps 345-384 
White sand rock 223) tsk Sea Sees ea Re OR Se, ge 2 a 384-425 
Redishale andisands 2. yee Ree ea a NT gee 425-492 
Wihitetslater te .12 2222's Oe os SiS ye ape ee ne Oa ee 492-582 


Lamar.—At Lamar there are several wells 226 to 522 feet deep, which furnish 
water for the railroad and the town. Some of them afford a flow, but the head 
is very slight. The well at the railroad tank pumps 80 gallons a minute with the 
pump barrel 200 feet below the surface. Its record is reported as follows: 


Record of well at Lamar, Colo. 


Feet. 
Stirface:materials!\\s: 35s 2 re oe Oe ee ee ete ge O- 34 
Shales: feo es ee ee ER Ree or eee 34- 72 
“Tale: vem? is los 5) Se5 Fe re a Mie Cae fot GIR ect ce at eg Sm aN pe 72- 75 
Shalew or. fa. oe ae ee I ge ot er ag ag ES Oe RE 75-198 © 
Dakota sandstone;; water to'—20ileet:. 95522 VN ase oe ee ee Ice 198-265 
Shale... 2c. oS Se Ei oO ge eS 265-270 
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: \ Feet. 
Sand stone sk SOLE Walon ss Sate sens see ee Pn sepa elt eee ere ee eto aicle ae a aanteines BMOB2D 
Sip] CMe ES ee St RAIS ants SEGA amine Meet Soman emerar ively Va Meas) a Ey Se oe Mee ened Elna Seis, OBO 400 
SHNGSTOTIC Mae a te eS ee CR re ne Ee eye Se LSS See Baas reise seis ceta= aes 400-404 
Sandygshalensen sept isan a tet re eee eee aie ee tee td as ai yal aisinic aie wowed Bc pitatehd 404460 
Sandstone; soft water, which at 480 feet rises to —60 feet and at 500 feet just flows.-...-...-.-.- 460-500 
Variegated shale—red, chocolate, and brown........----------------------------------------- 500-527 


The variegated shales in the bottom of the well are probably at the top of - 
the Morrison formation. At the waterworks in Lamar a large supply of water 
is pumped from the ‘‘Dakota” sandstone at a depth of 300 feet, rising to within 
28 feet of the surface. The water has the composition stated on page 80. 

A well 107 feet deep, in the NE. } sec. 36, T. 24 S., R. 47 W., found a large 
supply of water in ‘‘Dakota” sandstone. Its diameter is 5 inches and one large 
windmill does not pump it dry. The water is soft, but contains an appreciable 
amount of salts. 

Granada.—The railroad well at this place has the following record: 


Record of deep well at Granada, Colo. 


: Feet 

Surfiacesmatentalssahardswatenses oars eee tore oe er Geir ee a O- 36 
Shalletee access ss is osc epaeeene eer See eee aA e wie tta Saeed seiemre Madea eek satin “BO=eOS 
Juimestone yielding bad! waters sss eis eset cece nee. cence comet nee eo ee ss see ais 58— 60 
Shiale se pieiase tee 2. ai en Ste Bee rye gee aa Sigh Mee oats eotey tec ew eMNey Rab Sat Ac Set ioe a ad cds a ate eS 60- 78 
timestone= mae ee aise nok Deca seaeee Mam See eric eee Gene ee Neee els re tee she Stk ee eee eS Se 78- 80 
Gran sShalle erate 20 ot See eran ee eet aieeierotnate™ NAL d EN Os) yoke sae ee 80-195 
BI DG Kk sila seca eects aOS es tsS deo ka a em ce Oe seca ees EE iS ne ae el Oe pe eu ee ne RIE 195-323 
ball pve i nie ye 455 ye atelier RPA Cll reed Tyee ve agen Wey et WE eels Leute 323-326 
Blacksahale sees = cies = seis ays eee ete eet re ea eee nial, Soe ieee yee Ors = ue ees 2 amino aa 326-353 
Sandysshalejsome) softiwatersas.csaascecism 2 ease jo Ge eae ase asb se tases sid cis he eens ee tans 353-405 
Wakotascandstone soft waterisota ck ames msi Seay Ney hens Se laa ate es Specie re a Eee a bean aye 405-480 
Shalesaceee soe Satee os a eee cee este LS Matra eee 3 Scheie Mates peste sence Sesh Side sehen eee etn 480-497 
Wulttercl yee ot 52 5 cts cem ste cee eee te Seer es oem ceuaes MUNN che) ST NNN Gist Seems lant 497-504 


The original water level in the well was about 25 feet below the surface, but 
it is pumped down to below 80 feet, yielding about 80 gallons a minute. 

The town well at Granada, drilled in 1904, in the center of the town, has a 
depth of 480 feet, where a large supply of water is obtained. The water is soft 
and rises to within 30 feet of the surface. 

_ Amity.—The well at Amity has a depth of 384 feet, reaching the “Dakota” 
sandstone at 310 feet. The water rises to within 19 feet of the surface; the supply 
is very large, and the quality is highly satisfactory. The well is cased with 
100 feet of 74-inch casing through sand and gravel to the first shale, 187 feet of 
64-inch éasing to shut out some very hard water at a depth of 187 feet, and 380 
feet of 5-inch casing reaching into the ‘‘Dakota”’ sandstone. In one report it is 
stated that the top of the “Dakota” sandstone is at 297 feet, consisting of 4 feet 
of sand lying on shale, and that the second sand with the principal flow was entered 
at 376 feet and penetrated 8 feet. The head of the water in this well is below the 
level of Arkansas River. . 

Three miles north of Amity, in SE. } sec. 25, T. 22 S., R. 43 W., there is a deep 
well, sunk by the Sugar Beet and Irrigated Land Company in 1902. It is 699 
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feet deep, 8 to 6 inches in diameter, and yields a large supply of excellent soft 
water, which rises to within 100 feet of the surface. Some water was found at 
300 feet and other depths, but the water utilized is from the bottom of the well. 
The following record of this well was supplied by the company: 


Record of well 3 miles north of Amity, Colo. 


Feet 
Gravel:andsand-)2 - 222s) e ee a ee ee ee a ee oc O- 92 
WaiMOS OWE aa saa sowie Sd este ee a ra a 92-132 
Dark shale. icc 2 ns SS Se ee er ae ee eee ae ta tn 132-610 
Dakota sandstone 2 22.5 Saad Stes Ree ee ee ee ee ae eee 610-699 


Holly.—At Holly there is a well which reaches the ‘‘Dakota” sandstone at 
296 feet and obtains a satisfactory supply of excellent water. At the sugar 
factory, one-half mile west of Holly, a new well 412 feet deep obtains a water 
supply which rises to within 20 feet of the surface. The diminished depth to the 
‘“‘Dakota”’ at this place indicates that the strata are panel eastward from Granada, 
as shown in the section, Pl. XXIII. 

Delhi.—At a gas on the Santa Fe Railway 8 abies north of Thatcher a well 
was sunk in 1901-2 by the railway company to a depth of 322 feet. The well 
draws water from several beds, from 132 feet down to its bottom. The original 
water level was 50 to 75 feet below the surface, but it has been greatly lowered 
by pumping. With the cylinder at 152 feet it yields 37 gallons a minute. The 
following record was furnished: 


Record of well at Delhi, Otero County, Colo. 


Feet. 
Clavie scecees QUE beats sets Sie yet MR LU Ra rae SR See Vey Ee eo a oy ae O- 75 
Dark-oray sandy 282 os Bee ey Bi iD RE hig gre oe NN a ees Sate oy a ee 75-110 
Qight-cray: sandy. oS Le Sees = SN a UU yal te Fe a eg 110-120 
Dark-eray ‘sand, with =water. at 30 feet as: 25 a8 Sohne ee eee een eee eee oe 120-141 
Tbight-oray sands 2 oop See Had cA II es, SOE er tan gn a cea 141-161 
Dark-gray sands 2 28 Bia tye ta SE Se OA eect pe 2 aa ae Sees on ere ee mT CLES 
Black shale2c2 28 = eis Bien tra oP Ue Se EPS EE SALI epi A ara ine a a 176-185 
Dark-gray sand. - 185-205 
Shalevee osc 2 ee eee i ee ee eet ce ly 0 =r Caen 205-218 
White ‘sam 00.4 62,98 is Secs ee ees oie cor ak, Pe eR te 218-305 
Weater-bearing. bedsiiz-. a2 3s. 0s Ge ee era a oe ey Sega 305-322 


This boring begins near the bottom of the Graneros shale and penetratés 
nearly to the bottom of the ‘‘ Dakota” sandstones. The failure of this well to afford 
a flow is due to outcrop of the sandstones in the depressions west and north. 

Tyrone.—This is a siding on the Santa Fe Railroad 8 miles south of Thatcher. 
The well was sunk.in 1902 by the railroad company to a depth of 580 feet. It 
draws its main supply. which pumps 50 gallons a minute, from a depth of 577 
feet, with the pumping cylinder at 423 feet. The height to which the water rose 
originally is not stated. The following record is furnished: 


Record of well at Tyrone, Las Animas County, Colo. 


- Feet 
Loam and clays) 20.28 Sac se ae ee a Na ae 0- 30 
Limestone se. 5.2)2.3s casks ete ees ol em eS Sl ee Da etre = aN mead crete 30— 70 
Black shale with bad sulphur water at 175 feet, rising to —70 feet.-...-...--------------------- 70-345 


ad Wa c=) 1 ee ne ten ee ar RE SE Sie aie yu dh ie ee Sato e tec ceoeadab oss) 
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Feet. 
IB lackgshralleeegee srs see ee epee nan wee negate ct Aen ve ar re ome barn CN Fabs ea Bhs AN Ne sare ote ielere) 350-438 
Sandstone (first ‘‘Dakota’’), with water at 458 feet, which rose to about —375 feet....-.--.------ 438-480 
IBlackechralle ste ehcp aes A eran en ee Ee Nerve Se ER oe Se ce enn cnee ERs lars at he scat 480-490 
Sandstone (second “ Dakota’’), main water SU phys tates ae eee Semen eee ee minis 490-577 
(Blackashiall eer e pp ssp ena ee ag dN ee Pies ro A Nees Sree chal oreaMit ates ce ite AS a, = 577-580 


This boring begins in the lower portion of the Timpas formation, passing out 
of the Timpas limestone at 70 feet and through 368 feet of beds of’ the Benton 
group, with characteristic “tale vein” at 345 feet, to the ‘‘Dakota” formation 
at a depth of 438 feet. The low head of the water is due to the low level of “‘ Dakota”’ 
sandstone outcrops to the west, north, and east. 

Trinidad.—Several deep borings have been made in and near Trinidad for 
gas, oil, and water, but only water has been obtained. One boring southwest 
of the city is claimed to have reached a depth of 3,000 feet. Two borings in the 
railroad yards have reached depths in excess of 2,600 feet and obtained water 
from the ‘‘Dakota” sandstone, which lies at a depth of 2,585 feet. One well, 
reported by the Colorado Southern Railroad Company, has a depth of 2,713 feet; 
at 2,595 feet an abundant supply of excellent water is obtained, which rises to 
within 195 feet of the surface. The well begins about 150 feet below the top of 
the Pierre shale. The following partial record is given: 


Record of railroad well at Trinidad, Colo. 


3 Feet 
Woamyandioraiyels ee ect Meier es eee fae cise Seas Wee. nincioe ease saad iae re QO 42 
Gray shale, some water from 150 to 250 feet... BRAID Crem a ONE Cit reyes ee Uae dN are Mee 42-2, 200 
Lime shale and black shale with some gas at 2, 220 feet! ERNE RUNS Ay eae es oy Maleate ot ames stne, Bes 2, 200-2, 400 
Biacksshaley(Graneros) Roepe ey eee ae rao eee raion eck eters Ue eres a AT 2, 400-2, 585 
“Dakota”’ sandstones, close and hard....-.-...--- ih es Ae Ae eR nA a eee REP oA 2, 585-2, 713 


Barela.—A well sunk by the Colorado Southern Railroad Company at Barela 
has a depth of 1,340 feet, obtaining water which rises to within 300 feet of the 
surface, and pumps 30 gallons a minute. The following record has been furnished 
by the railroad company: 


Record of well at Barela, Las Animas County, Colo. 


Feet 
Gravelkandiloam ss sie es pie sn eeeree eye aes yop Se ye Ue se ai aes Tes Elie ca O- 27 
Grrsiyishipll eee sei) etree ee en ees en ioe oe SET. EN a Ba 27— 680 
Mimestones(himpas) ass atc e eer yee enne ee hat soa soy the cas ae aes Slee 680— 704 
IBlackeshialle bers se sete oreo te ta ate ee Reena ah vate ma a Mere SW tie aoe) hp A Me a A 704-1, 063 
First “Dakota”’ sandstone......-...---------- poe Poet ed Cairn Sr Suet e Mol 20 Ss Aiea ae 1, 063-1, 213 
SH; sco yas ba ee eee ce ESBS Dee DEE b CULE BGG oO ee ae Cree alee Nea area ie ais Mae eD ey ea 1,213- 2? 
Seconds alco tay isan ds tones, aaa a see een pani oe sagan Leads an Die RE Lh el ele ee ee 2 =1, 323 
SEVe CROC eget pany seg pa a Si mae rts era Ae OU REE tee RIVAL QS hy EO, oes eae onus ours Ata aN 1, 323-1, 340 


This boring began in the Apishapa shales about 100 feet below the top of the 
formation and passed through the basal Timpas limestone at 704 feet. The Benton 
group has a thickness of 359 feet, in which the Greenhorn limestone was not reported. 
The “Dakota” sandstones have a thickness of 260 feet and the underlying ‘“‘red 
rock” reported is probably in the Morrison formation. The thickness of shale 
between the upper and lower sandstones was not given. 

Watervale—A well sunk by the Colorado Southern Railroad Company at 
Watervale, near the southeast corner of Las Animas County, has a depth of 327 
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feet. ‘‘Dakota” sandstone was found under gray shale at a depth of 100 feet 
and penetrated to 285 feet, where red rocks were entered and bored into for 42 feet. 
Water, which rose some distance, was obtained in the “Dakota” sandstone. 

Wetmore.—In Pueblo County, 13 miles east of Wetmore, a boring for oil 
reached a depth between 1,300 and 1,400 feet. It penetrated the ‘‘ Dakota” sand- 
stone for 30 feet. The rock was found to be very hard. Water was encountered, 
which rose to within 100 feet of the surface, which is a high mesa near the foot of 
the mountains. This boring is about a mile south of the flowing well described 
on page 62, but is on land about 450 feet higher. It began in terrace deposits 
capping Pierre shale. 


UNSUCCESSFUL DEEP BORINGS. 


Cheyenne Wells.—The well at this place was bored under the direction of the 
Department of Agriculture more than twenty years ago, by means of an appropria- 
tion provided by a special act of Congress. No official data have been obtained 
regarding its depth, record, and results, except the statement that it was unsuc- 
cessful. As considerable gas was encountered in its lower portion, a local company 
was organized to develop a gas supply by a second boring, which reached a depth 

_of 1,700 feet and was then abandoned, as the gas was found to be of insufficient 
quantity. Through the kindness of Mr. McLane, of Cheyenne Wells, the following 
record was obtained: 

Record of boring at Cheyenne Wells, Colo. 


Feet. 
Cla yitect oa oho Soh, Se ON Ne ieee ape) creme ges VG mt ve eae ee ae Oo 30 
ANGLE oe eS Mite 6 ee Sei mIadS be oo su Guoed come dooasoseomecce ao oqobason dc osesacons 30- 60 
Sandy gravelly ‘clay. sc3- 32 5 seed hs Tae eee eer ec So re paar See Sareea eee 60— 110 
White sandy, clays >. ..¢.52i22 aces ShsaSon es ot ote Se ore Sn oe Cen er ee ee eae ee 110- 130 
Softiwhite sami a2 cytherea Be aE eee ie) SEG Tar le a 130- 145 
White'sandy ‘clay: 3° ac ele: Sec eee ERS SS are tn eT 145—- 185 
Softawhitesamad!l oun ok eek es Ses See eee Se alopecia 185- 215 
Soft black shale; good water at 257 feet..-.._..- fas aed at (Sate A Pe Sp a al gee en 215- 534 
White'sandy shales \gase(s 56 225 oic ey net ea ee eR en a ER 534-1, 260 
Chalkerecks‘ brackish: water 22 < sj) a See rea a er ee cae ae 1, 260-1, 330 
Mine sand) ooo woe ee wes he Ne inh Ge eee yn ice Ro ee a 1, 330-1, 360 
Softsblack:shales. et). 0S eee 2 ee © ee ee a 1, 360-1, 460 
Soft: white:sand or limestone.) 222 a SAS rs ee eae ee 1, 460-1, 510 
Black shale. >. gsi .2 42-425) 5 oe Sek 22 Se ae ee ey elo 1, 510-1, 700 
@Notigiven; but) thoughtito bey shislle) ieee eye sere ee etree ae rel eer OST.) 


In this boring a large supply of excellent water was obtained at a depth of 
257 feet at the base of the Tertiary formations, but it did not rise far in the casing. 
The record appears to indicate that the Tertiary formations extend to 215 feet, 
but probably they really extend to 257 or 260 feet, where the black shale begins 
in the two shallow wells now in use at the railroad tank. The upper shales are 
undoubtedly Pierre, and the chalk rock at 1,260 to 1,330 is a portion of the Niobrara. 
The supposed limestone at 1,460 to 1,510 feet is probably the Timpas limestone, 
at the base of the Niobrara, and if this is the case the boring stopped in the top of 
the shales not far above the top of the ‘“‘Dakota” sandstone. It was intended 
that the Government boring should be continued to 2,000 feet, but with the small- 
sized casing used in its lower portion the bit could not progress below about 1,770 
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feet. It is unfortunate that the boring was not sunk to the depth intended, as 
there were excellent prospects of reaching the ‘‘Dakota”’ sandstone and obtaining 
water for a pump well. It would thus have thrown most important light on the 
head of the water and prospects in adjoining regions. 

Kat Carson.—A well bored at Kit Carson in 1870 by the Kansas Pacific Rail- 
road, which attained a depth stated by various authorities as 1,300, 1,460, and 
1,500 feet was also unsuccessful. Doubtless it penetrated practically the same 
beds as those below 300 feet in the Cheyenne Wells boring. 

Sheridan Lake.—At Sheridan Lake a local company sunk a well to a depth of 
1,280 feet, and found considerable water, but without sufficient head to afford a 
surface flow. The boring is now abandoned. The lowest water in any appreciable 
volume was at a depth of 1,200 feet in a dark-colored sandstone, from which it rose 
to within 40 or 50 feet of the surface. No record is obtainable, but as the boring 
begins 1 in the upper bomen of the Niobrara chalk, doubtless the sandstone at 1,200 
feet is ‘‘Dakota.” 

Hoehne.—At this station on the Santa Fe Railroad, 9 miles northeast of Trinidad, 
a boring was made to the depth of 936 feet, but, unfortunately, it was abandoned 
before it reached the ‘‘Dakota” sandstone, which should there be expected at a 
depth of about 1,100 feet. The boring was begun at: the base of the Pierre shale, 
penetrated the Apishapa and Timpas formations, here about 700 feet thick, and 
passed low into the Carlile shale. Doubtless it would have found water in the 
“Dakota” sandstone, and, as the locality is nearly 300 feet lower than Trinidad, 
it might have obtained a flow. To the north of this place the depth to the ‘‘ Dakota”’ 
beds diminishes as the outcrop zone of the Niobrara formation is crossed, and the 
sandstone comes to the surface a short distance south of Thatcher. 

Thatcher.—In 1884 a boring was made at this place to a depth of 920 feet. 
It began near the top of the ‘‘Dakota”’ sandstone and penetrated several hundred 
feet into the ‘‘Red Beds.” Some water was found near the bottom, which rose 
300 feet. No record was obtainable, and neither the quality nor the volume of 
water was stated. . 

Troy.—At a transient settlement by this name, 25 miles north of Watervale, 
a boring 400 to 500 feet deep was sunk several years ago. It began in ‘‘Dakota’’ 
sandstone. No record or other information was obtained, except that it was 
regarded a failure. 

Rouse Junction.—At Rouse Junction, a station on the Denver and Rio Grande 
Railroad southeast of Walsenburg, the railroad company made a boring to a depth 
of 2,058 feet, but did not find an adequate water supply. A small amount of 
fresh water appeared at 700 and 1,760 feet, and of salt water at 890 feet. These 
waters rose for some distance, but the greatest height was more than 200 feet 
below the surface. The following record was furnished by the railroad company: 


Record of well at Rouse Junction, Colo. 


Feet 
OVO Fe sic vests eon S cies mee sO AN ES Yel ae ne Se Ne ce a a ne Aue at ee a ye ee eh a eae 20-800 
Coarsexwinite;sandstones=sqn cere ite ene aie promt teins uae Wn al uk Silane eee AL pate eRe, 800 
Black shale; bad water......-.-...-.-- opt Rapa 22 ih Ok olen ARE RU a Aaa RR aA AY 850 
(Hardewinitersamdstonowre a3. tespr nani ve kos elmer nak Am M Re Ae eT oe Sey eee oe oe eh 870 
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Feet. 
Hard white: sandstones¢- 22.0032 Yoel o eke ly es Se ee | ee ee 940 
Black. shales! he. Hoshs cen Toes she wk ee ee cali am ears ae PERS J anlha, Ace od aS aa 950 
Hard white ssandstone: <2 2:02 )4. 2.2 5 uk else lai ee Sie cperere ope ere NI ete TP Dee Re 960 
Slaten Sen Lee cee Sk wu Sse Bei besN s Be Revn Nd Se gle ee es a 1,010 
Shales ee esas esas hl ween ei es aera aetna ne Soe els ob Reine Cae eae ee Rete 1,020 
Handiiwhite!sandstone!and quicksand: seen. sme ae eae a eee 1,030 
Hardi white: sandstone*and quicksand asses eee ee 1, 140 
Coarse’ white sand ‘with, a little waters. 232-075 25] chen ae ie sey ae See See ee eer 1, 150 
Coarse ‘red'sandstone: i$ ac os 2 ene Mee ete rere ee oe ETA aie nee See oe er eee 1, 160 
Coarse green:sandstome: 22.2.2 52202. ASO ee ee ee ee See ee ee ee 1, 190 
Pink slate and sand and; ‘granite? = 2:22.22 = thoes eee ese eee ae eet ee 1, 210 
Red'sand... 22.0.2 eet Seco Sere ee Be ey ae aa A a er 1, 290 
Pink ‘slate. .'22- 2 Melange oe Sa SSE Sed Ree ess SO ec ap eee ag 1, 320 
Drab sand with.shells 22/2, 31s 35 Soe te os RS ae Sa a coe eta ae 1, 350 
Fine hard’ white ‘samd) 2.2 22.532 sek Se hp wade ac iia eps eye te ey EM ee ed en 1, 380 
Fine drab sand and white hard oe poles dave EUR RN EU STi Cy VR SOC aA ae a ON 1,390 
Red flinty rock... Pee ae ere ou tee SARS 2 Rog BEER SET nee ey 18 a Se oer 1, 450 
Fine gray sand, very ee ee a RCS OSE FY lee x Pee RS BS eg ie A i ah 1, 500 
Red sand). 2 3.2.5355 22052 2 Se SE I ee SoC ee ni a 1, 540 
Hard white sand! 325 eStats PR ce gang pt ee eae ee eee hear Ee 1, 960 
Red)fine, hard-sand-. jesse be ie See ee ee eR 5 ee ee 2, 058 


This boring was begun near the base of the Pierre shale, and the shales reported 
to a depth of 800 feet are mainly Niobrara and possibly the upper shale of the Ben- 
ton. The ‘‘Dakota” sandstone appears to have been reached at 1,140 feet and 
to have continued to not far below 1,500 feet. The lower 300 feet or more were 
in the ‘‘Red Beds” and it was from them that the fresh water at 1,760 feet was 
obtained. The salt water at 890 feet was in sandstone of the Benton group. 
Apparently the ‘‘Dakota” sandstone yielded no water, a most discouraging indi- 
cation, for its capabilities seem to have been thoroughly tested. The explanation 
probably is that, owing to the extensive outcrops of the ‘‘Dakota”’ formation, a 
short distance north and east, no head is possessed by whatever water may be 
passing through the sandstone. There is also a likelihood that the many dikes 
which penetrate the formations near Rouse Junction, particularly to the west, 
may cut off the underground flow. 

Walsenburg.—At Walsenburg an unsuccessful bormg was made sometime 
ago for gas. It was 1,300 feet deep and entirely in the Pierre shale, which here 
has a thickness of about 1,700 feet. 

Cuchara.—On Cuchara River 7 miles below Walsenburg an 800-foot boring 
was made for coal, oil, or gas. It found an abundant supply of sulphur water, 
which is pumped to the surface. The boring probably reached the top of the 
‘‘Dakota”’ sandstone. 

Elmoro.—A 400-foot boring at Elmoro is entirely in Pierre shale and yielded 
no water. 

Salt Creek.—This place is a siding on the Denver and Rio Grande Railroad at 
the crossing of Salado Creek, 6 miles south of Rouse Junction. The railroad com- 
pany made a test boring to a depth of 2,030 feet, which did not find a sufficient 
supply of good water. Analyses of the two principal waters are given on pp. 80-81. _ 
The following materials were reported, but the record evidently is unreliable: 
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Partial record of deep boring at Salt Creek siding, Las Animas County, Colo. et 
eet. 

CC aa eT UL eee gi MS ea a TNE a ac a 0- 6 
Hard limestone; water at 70 feet rose to —3 feet... ......-..----------------.---------------- = 7A 
iBlackeshalessthinplimestone lay erswseaee ere iee ees ets epee Stone Gries Cie ee ee siata)— Braye lot 71— 250 
Sand and shales; water at 283 feet rose to —140 feet..........-.-.---.----------------------- 250— 285 
iBlackswandewhitesandess esse cee | a eeGn et es ee eee rey Site ee aa See eis eee DOOm a, OOO. 
Cray SINGS eS acon Coe be Nook becles celducsosos Sa eeU EE cd ecoe Une ae ee res Seed so auodtediagHne 335- 352 
TD Yai fe eae Ie eae Uap (oe 8 oe cae anc Se ie el Oa Ne ven Bes hee ee eter nt eee 352— 365 
Uli ea teerraiyy Sai ete cose tee ete ne eae eee ee gS ee 2S OI re eS oh te 365— 380 
Redisand anid! Wand clay sees ase a2 ark eae nye rn eo tees cre Seater at wisi pe th one epee apate ie te 380— 410 
White shale; water at 440 feet rose to —220 feet.........-.-.-------.----------------------- 410— 450 
Cranrlanel SaaGOROs os sess dade stoasons Sees oo ou cebs Soon eee sh eoneconeucseened sobaecdeuroe 450— 495 
Greenishtsand sand sandstones... yaa yee eee aye eee oe nomen eee en oane cere eee 490— G30) 
Gravyssam dias Smee ey ea No PTS A ares topaitttarat cleat ae ie Ses Se SMC ae Manes one 630— 750 
Dark-gray sand; water at 840 feet rose to —540 feet..........-...--------------------------- 750— 845 
BV Vila Gey eurn cle = ree tee ean area ch ah ray Set ear RE det orcfayeeS GS ate era eye a aire in aon, spnimiss NeREAE) Spa aR eh ' 845— 855 
Dor ke sraygse nde are were ene ee eae Wom eaten tits Sip ey Ts EON oe Ree AO ah 2 855- 870 
Red sand; water at 1,005 feet rose to —705 feet..........-----------------------22-+-------- 870-1 015 
iRedisandiandroranitey sas: sess Ham Serle laa se ea asian Salat aie Macmra sense eer AEC, Bees 1, 025 


At 1,545 feet water rose to —900 feet, and at 1,800 feet rose to —600 feet. 


This boring began in the lower portion of the Pierre shale, penetrated the Nio- 
brara from about 300 to abcut 950 feet, and the Benton from about 950 to about 
1,350 feet, where the ‘“‘ Dakota” sandstone was entered. It is the latter formation 
which yields the water at 1,545 feet, a water too highly mineralized to be of any 
use. The lower 200 feet of the well were probably in ‘“‘Red Beds.” The failure of 
this well to yield a satisfactory water supply is in line with a similar experience 
at Rouse Junction, in the adjoining county to the north. The amount of water at 
Salt Creek was not ascertained, but it was believed not to be great. This and the 
experience of the Rouse Junction well indicate either that the water leaks out to 
the northwest, or that its circulation is impeded by the many dikes of igneous 
rock which intersect the formations in the surrounding region. This diminished 
circulation is also indicated by the salinity of the water, which we should expect 
would be greatly decreased if there were a free underground passage to the 
canyons north and east; moreover, in these canyons very little water is seen to 
come out of the formation. 

Boone.—In 1903 a deep boring was made at Boone to explore for oil or gas. It 
reached the top of the ‘‘Dakota”’ sandstone, which was not penetrated sufficiently 
to afford a water supply. The following record is furnished: 


Record of boring at Boone, Colo. 


Feet. 

Sunfacemmatentall seep ser taee a sane etna pe ety a ey tats oer et a ence t aye (2 cam inye ay eyes O- 25 
Sialesmmermesis eee ae nets alae cy Sten hep ea ere NNN) fo Rohe e, Ae NERS rs cue 25-1, 560 
Mimestoneeem aceasta = see ae Ie asec aR Sok BE meee a. Pete ee oe Mae Se 1, 560-1, 610 
lil OME a EES Stele hae cine ie aad eens ae Tun ter, Une pam e Mette ctasaeix aie Bes cia SALSA Ree Sete Ste 1, 610-1. 720 
Vb eIey HONS) a Bs et re 9 i TI IR eA eee a ly PR RE 1, 720-1, 740 
halleswithitallcavelmare sey seein: ciseers ets Sy Sete Si 0s My Sg pei te. fe |S, cee tee pan oye ome SE 1, 740-2, 200 
OID ESR OUE),”? SRT ok tas Se ea tee 8 EAD Ee AE UA Be i eee A ad 2, 200- 


The first 1,000 feet of shale probably are of the Pierre, while the Niobrara, 
with its Apishapa shales above and Timpas limestone below, extends to 1,740 feet, a 
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thickness of about 740 feet. The Carlile, Greenhorn, and Graneros beds comprise 
a thickness of 460 feet. This boring is near the axis of a deep north-pitching syn- 
cline—a fact which accounts for the great thickness of Pierre shale. 

Pueblo.—In 1903 two deep borings were sunk in north-central Pueblo County, 
with the hope of finding oil or gas, but without success. Both borings are situated 
north of Arkansas River—one 1,900 feet deep, 7 miles northeast of Pueblo, and 
the other 2,655 feet deep, 10 miles northeast of Pueblo. The shallower boring 
appears not to have reached the ‘“‘Dakota” sandstone, but found some water 
which rose to within 550 feet of the surface. The 2,655-foot well penetrated the 
“Dakota’’ sandstone 55 feet and found water which rose 1,000 feet or more. The 
following records were furnished: 


Records of wells 7 and 10 miles northeast of Pueblo, Colo. 


Well No. 1: Feet. 
Shale seen co alee See eS See ahs ates SR ey epee naps eee Neo ec es ge a 0-1, 400 
Jbimestone 253.5 tae See EES ee Cee Mae ene ERR en Ere ale ey yee eee eee 1, 400 
Sandstomes y22o. scibe 2 | eke Dea Cee eee ee ee Nes eee SO sf 1, 440 
Shales 2.222. 5 eee Se Sk ee ae a rah ae pee ett ee Er eu oys Oe e (2) 1, 875 
Sandstone (probably Carlile) ss yie Sentai ae eer eee ae err oe ee ee mee del 7a OO) 

Well No. 2: 

FS) 0Y:) |: ee ey rea Se Aa cee Ne BAO Sales Ilion aaron Goce 0-2, 000 
IDEN es ame eens aaa wea Sash sclca=o caadbarcso sodaLoss so abseeseecsascassoce 2, 000-2, 100 
Sandstone'(Carlile) S222... 38 Se eS ee SS ye Mn ey Si a ee ee 2, 100-2, 140 
Shale: visa eid ee ls Sie Ne a sh el Shee en ht De een 2, 140-2, 600 
‘Dakota’? sandstoneseciia- sia = ete iae ee ee ee ee eee Oe SEE ae er 2, 600-2, 655 


The altitude of the first well is about 4,900 feet and its precise location is 44 
miles north and a half mile west of Baxter siding, on the Missouri Pacific Railroad. 
The other boring is at an altitude of 4,750 feet and its approximate location is 6 
miles north and 3 miles west of Nyburg siding, on the Missouri Pacific Railroad. It 
is probable that if the ‘‘Dakota” sandstone had been more deeply penetrated by 
this boring the water would have risen to within 100 feet of the surface, but the boring 
is situated on land too high for artesian flow. 

Colorado City.—Deep borings at Colorado City penetrated the steeply dipping 
beds of the foothills, but did not prove successful. Two deep wells were bored 
there by a local oil company in 1894 and 1895. Boring No. 1 was located on the 
NW. i of NE. } sec. 2, T. 145., R. 67 W. It reached a depth of 2,020 feet, where 
operations were stopped by the collapse of a string of casing. Below the first 30 
feet of surficial materials the formation penetrated was black shale, except at 
1,247 feet, where a 5-foot bed as hard as granite was reported, which yielded some 
gas. “The bormg was entirely in Pierre shale. Boring No. 2 was located on the 
SW. 1 of NE. x sec 2, T. 14S., R. 67 W., and had a depth of 1,300 feet, entirely in 
shale below the first 60 feet. Both holes are now full of water. 

Calhan.—A boring at Calhan, doubtless entirely in the Laramie formation, was 
sunk to a depth of 566 feet, and obtained a small amount of water at 90 feet. Coal- 
bearing beds were reported at 250 feet and lower, but the beds were thin and the 
coal was of poor quality. The following record was reported by the Chicago, Rock 
Island and Pacific Railroad Company: 
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Record of boring at Cathan, Colo. 


Feet 
Set on BB EU e ote fiat oe mets Gee oe Ree GSS OES aE Re aaa eR 0 — 23 
Sandstone soe at sere eee ey ee ere rate sete eae gerne Galas ais MOEN ea Plaisiaeeee aie ain Oa OO 
Dankisan diy shale pees © sey a eas se etapa ato ee Seay Pup te oHiabavste ee eae pere yer ence aaa ans amet 38 — 63 
Clay and sandy shale grading into soft sandstone.............-.----------------------------- 63 —142 
SSoapshoners. shuinicoallayeniat 2o2 ees. anal nemee ery eevee te a es ety oor So etses 142 -255 
Shale wecine 25 recs eres oy repens Sh ee ner pe et pe Atty ee gp hslanes va Waist src at cla! ashes sete yea ee eee iarrcteia in ZOO! = BUG 
San diyslimestomemer-e mere sa ere ee aie corse eysia metres certain ee) ee ors ne SE ee nme 306 -314 
Sandy shale with coaly Mey CSE Re Elan mein ese eo areata vasa rieves= Seca stcrate meal (2 AC eet ene Se aE renee ene 314 —323 
SEN DE Ste) (loa Ss ae eg Ne aN tc SNS ET a ed Be eaaden RE are aioe eae NO eee re 323 -324 
Bimevclaiyee says eee ee se aus eee cvays sere oe ieeise eee Ie ele tema eed an) VLEs hs a perenne, Wise 324 —3254 
Warkishalle eas, Sue peg. © te ers Set ag Mae eyes ee tae ett aed OEE Sk De ene ge ae ea 3254-329 
Sand yshaletae pee eas nese hee eine oa cise: Rese seme cyare aie cise isiale kG esi en Meret awn ae 329 -3364 
SMS ISE SCOR imate elena re See et Tee eT rae cieebeme eels (cra Savcicheiatcle aise Seto sig tomy SEES ME SEE SS 3363-337 
Micaceous sandy shale; 4-inch coal layer at 360 feet...........-.-.-.---.---.-.-.---.--------- 337 -61 
ISSonpaton es eee entry Prt te Pave t Mra caper er ony yLaetes peace INL SR iy a Ne 361 —416 
Micaceousisamdygshiall esas se eae ayer etee ates re aie eye Sle eB ee lia peters epee ater ine etapa acne 416 —432 
pbalsexcoalhand poorcoalizasee see esa eee ree ee eter eee os Se eRe RNR YE aes cso ia ADE Bis 
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Franceville Junction.—At this nineee which is on the slope southeast of Colo- 
rado Springs, a 1,250-foot boring is reported, wine was entirely in Pierre shale and 
yielded neither water, oil, nor gas. 

Monument.—A 7 65-foot boring is reported at Monument. It began in or 
above the Laramie beds and probably penetrated Pierre shale, but without result. 

Florence.—In the oil fields about this place there are many deep borings, mostly 
in the Pierre shale, which rarely find much water. One with a depth of 3,021 feet 
was entirely in shale, except 10 feet of dark hard rock at 2,680 feet. It encountered 
no water. 


SOURCE OF THE ‘DAKOTA’? WATER. 


The artesian waters of the “ Dakota” sandstone enter this formation in the 
outcrop zone along the foot of the Rocky Mountains and also in the wide area of 
exposures in the southeast corner of the State. The exposed surface of the sand- 
stone directly absorbs a portion of the rainfall and some of the water of streams 
crossing the outcrop also sinks into the porous beds. In the southeast corner of 
the State the formation is extensively overlain by deposits of gravel and sand, and 
much of the water which falls on this surface passes underground and in part enters 
the ‘‘Dakota” sandstone. Some of the water absorbed on the higher ridges escapes 
again at lower levels along the canyons and draws, either in springs or as small 
seeps. These are occasionally observed along the hillsides, and doubtless there 
are many others covered by talus and wash. 

The area of “Dakota” sandstone exposed in the “‘hogbacks” along the foot 
of the mountains is relatively small; the outcropping beds usually dip steeply, 
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and much of the rock is so hard that water falling upon its surface runs off into 
the adjoining shale valleys, so that probably only a limited amount passes under- 
ground in this zone. Probably most of the water is absorbed in the wide outcrop 
area extending from Huerfano River to Apishapa River, northwest of Thatcher, 
and especially in the wide plateaus south and southeast of La Junta. In the latter 
area the sandstone constitutes the surface for many square miles; much of the 
land is level or gently sloping and the sandstone is soft, so that it is capable of 
absorbing a large volume of water. On the other hand, this region is traversed 
by numerous deep canyons cut entirely through the ‘‘Dakota”’ sandstone, so that 
part of the underground drainage of the formation is intercepted. Purgatory 
River and Smith and Muddy creeks probably intercept all of the underground 
drainage of the sandstone in the region north and northwest of the Mesa de Maya. 


DEPTHS TO “‘DAKOTA”’ SANDSTONE. 


Owing to the irregular dips of the rocks in southeastern Colorado, the depth 
to the water-bearing ‘‘ Dakota” sandstone varies considerably in different portions 
of the district. From a study of the distribution of the overlying formations and 
a knowledge of their thickness, obtained by measurements on the surface and in 
wells, the position of the top of the ‘‘Dakota” sandstone has been ascertained as 
shown on the map, Pl. XXV. This map also shows the area in which the ‘‘ Dakota”’ 
sandstone is at or near the surface and the region in which there is no “‘ Dakota”’ 
sandstone. It will be seen from this illustration that, along the greater part of 
the Arkansas Valley, the water-bearing horizon lies at a moderate distance below 
the surface and over wide areas it is within the reach of wells 300 to 1,500 feet 
deep. In a wide district extending from northeast of Pueblo to northwest of 
Ordway the strata dip steeply into a deep basin, so that in northeastern Pueblo 
County, northwestern Otero County, central and eastern EH] Paso County, and 
Lincoln County the ‘‘ Dakota” sandstone lies too deep for well drilling, and, more- 
over, the land in this region is too high for the water to flow. The beds also lie in 
a deep basin in central and southern Huerfano and Las Animas counties, as well 
as in the area about Florence. From Portland to Pueblo, in the vicinity of Arkansas. 
River, the ‘‘Dakota” sandstone is less than 1,200 feet below the surface, and in a 
small anticline 6 miles west of Pueblo the top of the formation is exposed in the 
river bed. East of this exposure the dips increase gradually, so that the depths 
are about 1,200 feet at Pueblo, 1,900 feet at Nyburg, and about 2,000 feet at Boone, 
which is near the center of the basin. East of Boone the amounts diminish gradu- 
ally, being 1,800 feet at Nepesta, 1,270 feet at Fowler, 1,033 feet at Manzanola, 
690 feet at Rocky Ford, and 340 feet at La Junta. There is still further decrease 
to Las Animas, a short distance east of which the “‘Dakota” sandstone reaches 
the surface, outcropping along the bottom of the valley nearly to the mouth of 
Big Sandy Creek. Last of this point the dip carries the beds down again and the 
depths gradually increase to 405 feet at Granada, which is in the center of a shallow 
basin. On the east slope of this basin there is a gradual rise to a depth of 200 feet 
at Coolidge. Many of these features are shown on Pls. XXIII, XXV, and XXVI. 
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The figures above given are to the surface of the ‘‘Dakota” sandstone, and, 
while in many districts a flow of water is obtainable from the top bed of this forma- 
tion, the principal supply is usually looked for in lower beds, 100 to 160 feet deeper. 
In Kiowa County a prominent anticline extends northward from the Arkansas 
Valley, raising the beds in a low arch which extends northward to Kit Carson 
County. Owing to this uplift the ‘‘Dakota” sandstone lies at moderate depths 
as far north as the Union Pacific Railroad, especially in the lowlands of Big Sandy 
and Big Spring creeks. Unfortunately, however, all of this region is too high for 
artesian flows. Along the Rocky Mountain front the ‘‘Dakota” sandstone varies 
greatly in attitude, and in the vicinity of Colorado Springs and for several miles 
north and south the dips are steep and the sandstones are carried rapidly beneath 
the surface, soon reaching a depth of 3,000 feet. In the region northwest of Pueblo 
where the dips are gentler, the depths are much more moderate and the sandstone 
may be reached by wells 200 to 1,000 feet deep over an area of considerable extent. 
Along the base of the Wet Mountain Range the ‘‘ Dakota” sandstone is extensively 
exposed, except to the south near Huerfano River, where it dips steeply under the 
great basin in which the Spanish Peaks are situated. On the east side of this 
basin there is a zone passing through Huerfano, Cuchara, Hoehne, Elmoro, Barela, 
Trinchera, and Watervale, in which there is a gradual increase of depth from east 
to west of 600 to 1,500 feet in greater part. 


AREA OF FLOW. 


Apparently the ‘“‘Dakota” sandstone contains water throughout its extent, 
especially where it passes underground below the younger formations. As explained 
above, the sandstone receives much of the water at moderately high elevation, so 
that this water possesses considerable head in its passage underground. This 
head is sufficient to afford flows in nearly all of the lower lands near Arkansas 
River and along some of the confluent valleys, especially to the west. The areas 
in which flows may be expected are shown by the overprinted pattert on the map, 
Pl. XXV. This representation is based on the observed pressures in wells, together 
with deductions as to gradient slopes drawn between many points along the out- 
crops of the water-bearing beds. These lines of the grade of the water head have 
been found to slope from the outcrops at high levels, where the water passes under- 
ground, to the outcrops at lower levels where there is leakage from springs. The 
principal area of low-level leakage in the district is along Arkansas River, between 
Las Animas and the mouth of Big Sandy Creek, where the ‘“‘Dakota” sandstone 
is free to lose much of its water, consequently the head of the water becomes zero 
along this outcrop zone. The hydrostatic gradient rises to the southwest, but not 
rapidly, owing to the low declivity of the Purgatory Valley, which cuts into and 
through the sandstone for many miles. West of longitude 104° the rate of increase 
is very much higher, although it is locally diminished by the deep valleys of Apishapa 
and Huerfano rivers. Although the sandstones lie high on the mountain slopes 
in the western portion of Pueblo and the eastern portion of Fremont counties, 
there is a rapid diminution of head toward Pueblo, possibly due in part to the rise 
of the formation to the surface along the river 6 miles west of Pueblo. 
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The flowing wells south of Portland, at Pueblo, Fowler, Manzanola, Rocky 
Ford, Holbrook, La Junta, and Amity are along the main zone of flow. At La Junta 
there was originally a flow of considerable pressure, and also at Lamar, but pumping 
has reduced the water level considerably below .the present surface of the land. 
Flows at Timpas and Thatcher show an extension of the flow area to the southwest 
up the Timpas Valley, and similar lateral extension may be expected in the Apishapa, 
Huerfano, St. Charles, and other large valleys leading into Arkansas River. At 
Ordway and Sugar City the water-bearing beds appear to have been reached, but 
the land was too high for a flow and this probably was also the case at Sheridan 
Lake and Kit Carson in the wells sunk and abandoned long ago. The Government 
well northeast of Fort Lyon evidently was near the northern margin of the flow 
area, as its pressure was very slight, and two wells to the north and northwest 
have water levels considerably below the surface. The well 10 miles due south of 
Portland indicates a wide extension of the flow area in the southeast corner of 

-Fremont County and adjacent portions of Pueblo County. A small flowing well 
on Plum Creek 20 miles south of Granada indicates that flows may be expected in 
the lower valleys in the central-eastern portion of Prowers County, probably as 
far south as South Butte Creek. The water level 100 feet below the surface at 
Trinidad and 80 feet below the surface at Barela indicates that the area of flow does — 
not extend as far up Purgatory River and its branch valley as originally supposed. 


PRESSURE OR HEAD OF THE WATERS. 


As explained above, the waters in the ‘‘Dakota” sandstone under the greater 
part of southeastern Colorado possess considerable pressure, which ordinarily is 
sufficient to bring the water to the surface and in portions of the district to carry 
it to a greater or less distance above. In Pueblo the wells have a pressure of 50 
pounds to the square inch, and at Manzanola it is reported that the original pres- 
sure was 55 pounds. At Rocky Ford and Holbrook the water was found to have 
sufficient pressure to rise 80 feet, or more, in the pipe. At La Junta the well south 
of the town is about 150 feet higher than the depot, and when the well was first 
sunk the water had sufficient force to rise considerably above the surface. A heavy 
draft on the water supply at La Junta has since lowered the water level so greatly 
that even the wells on the lower land do not flow. In Pl. XXVIII the head of the 
waters is shown, and in the following table are given data from various flowing and 
nonflowing wells, throwing light on the head of waters in the ‘‘ Dakota” sandstone. 
Unfortunately, it was impracticable to obtain the pressures, or facts relating to the 
water level, in some of the wells, and even the figures given in most cases are only 
approximate. 
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QUANTITY OF WATER. GT 


List of wells in eastern Colorado affording data as to head of waters. 


Height to : Head of 

Locality. mie a ates sites 

rise. level. 
FLOWING WELLS. Feet. Feet. Feet. 

Rortiand: (0imilesisonuvh) Meese ete eeeen aes eee reese See ero iae pe Bac Maedne Beem stem 100+: 5, 550 5, 650-- 
Florence (6 miles north) ..........--..-- AR Me eth St ee Boas! Np aii a a ee ee + 80 5, 400 +5, 480 
Pucblo (South) ee =n sees ee ae eee eyes erste fe EL pete a i ol cate By 138 4,750 4, 888 
WHATTISS)ELOUSE BAe Bie eee ee re seston Ue Sele eee elo cane a nfsvsicie ap teers 138 4,670 4,810 
Grand)! Hotels 2025 sai cera ese tae eet er Ese Sen deere ore werner 115 4,690 4, 805 
Rocky HOrdis a Faye etl areca 5 Sac em eee eae alee ese loere erate Bate ee eee seit etal area 80 4,177 +4, 257 
IME TAZ ATIOL Ah oy. Hoe Sets See eye Ie ete te EPCS er ea ete ietoeictevate ois SEs lops iene chats reece ? 1264 4,251 24,377 
IDEWG Hb tal hK Copa t ast Why) Peace a seeeeSEnos sacs Saco a seroos ae Sea aCCOeSaarcse eeeME as Senceesrcane +150 4,061 +4, 210 
HEVOMD TOOK 2 (5,22 Basse sie ease cles See Sete eo Sie eine ree ere eer eee ste Najera eretcicicersic lee itseaha + 80 4, 260 4, 340 
INAS 5 sognones Bae ESR pac sre eee RN ta ye ae 1 ee taee reo Nova tare the erncay ey See aS Sieg + 27 4, 480 +4, 507 
LevloYovea en arte Se SIRO ae he oe Rar tte ae Spee CR RES SA OM ioe Gaon Pr Am + 50 4, 691 +4,741 
Morbi yOnt 233 2cc Wen sc cca de Seca Pea ee Se eee te MCS eee Go se seme yu ee 2 10 3, 955 3, 965 
iBlackwelliranch)¢PlumilCreek)a-e2 Heer epee nce esac ele lamicta a tere ease sie Sete eee cine ae eee 46 3, 900 3, 946 

NONFLOWING WELLS (WATER BELOW SURFACE). 

ORG WAY 5. wide dc Ae SSA eS eee ge Se ce cr meenctoeiay et elon een cme ae = 80 4,300 4, 220 
Arilineton) GOmiles;southwest)|o-ses-secce c= oe ee enseee cae sneeiae ese ee eeee eee ecieeeeerce — 60 4,180 4,120 
Las Animas (10 miles north) ..-.... Re BponoddcdreascnaqscHU EHS Reeeaaenacdeesoebarchocscdas —3(9 4,100 3, 800 

(CECI OE cis ah po saetime Snes ded oo Sonos eonsees ee dbcecossdekposdeSeaudoucedancuseucooousacoesS | — 15+ 3, 765 3, 750+ 
PsA AT hares elbias SUC oe nestle. He Sees ieys See See eee N ee Sneha ouee sceane mae aoeen eee 0 3, 592 3, 592 
Gora a dati cies see Sopot Bee iat erie = Saree Biel ormtcte arate ere otare Sata pectaiats einrotave Ste teacticl as raseatalare — 25 3, 445 3, 420 
WAI types Steines ecb fe mesiteee B te ee ee be eet Clee Pismo ne es asi ale ae arayarlapaiie siete eich cese — 19 3, 450 3, 431 
AM AP (doco EOWA) SSA ssoe es a5ecusons 5255 >seudsbe coon bebseoosossHuSobesaeeooperonosdeo —100 3, 550 3, 450 
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Tria GG se oe a atone Se Se ECE SE ENG Rents SSE Oe Bases mise lot em eiieseoenmaia ce —195 5, 980 5, 785 
Barelays 2. cccates ct em och eerie siseieceecie= see aocite Se oe see sae Cee eres caceic eaepteaasives —300 5, 723 5, 423 
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ISHN REN Os gole) : eee erste te Ree ee Oat Rea aie tira SS eds realm Al tea cm RE eT cea —900 ‘6, 480 5, 580 


The lines in Pl. XXVIII are constructed from the altitudes of ‘‘ Dakota” sand- 
stone outcrops and the water levels given in the above table. Itis assumed that the 
gradients of head are uniform from point to point, as shown in the diagram, fig. 2, 
and this is found to be verified at numerous points in the Arkansas Valley. : 


QUANTITY OF ‘‘DAKOTA’”’ WATERS. 


The volume of water available from the ‘‘Dakota”’ sandstone in eastern Colo- 
rado is variable, and in portions of the region it has been found inadequate. The 
three principal factors in this connection are the original volume of supply, the head 
of the water, and the porosity of the sandstone. No matter how much water is 
available along the intake zone, nor the head that may be developed in its passage 
to lower levels, there can be but little volume of water available if the sandstone 
is not porous. In its surface outcrops, as well as in the borings, the rock is found 
to vary considerably in porosity, but in general it usually appears to be capable 
of holding a moderately large volume of water. The amount of water that passes 
underground seems to be large, judging from the wide area of the formation exposed 
and its surface porosity, but much of the water taken in at high altitudes is free to 


, 
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escape at lower ones, so that from this cause there is not only loss of water but 
diminution of head. Where the rock is saturated with water and the head is high, 
a well tapping the sandstone will yield a larger flow than one in an area where the 
pressure is low. As heretofore explained, nearly all the pressures in the Arkansas 
Valley are low, so that there is relatively little power to force the water into the 
sandstone interstices in the vicinity of the well, so as to sustain a vigorous flow. In * 
most of the wells in the Arkansas Valley only a moderate volume of water was found, 
‘and, when the wells are subjected to pumping, the water surface is quickly lowered 
in most cases. : 

The wells at Rocky Ford exhibit a larger volume of water than any others in the 
Arkansas Valley below Pueblo. Of the several that have been bored, the larger 
ones have sustained a flow of 100 to 115 gallons a minute. The well at Manzanola, 
only 10 miles west, yields less than 40 gallons a minute, and the well at Fowler only 
half a gallon a minute. This rapid diminution to the west apparently is-due to 
diminished porosity of the sandstone. There is similar but less marked diminution 
’ to the east, as illustrated at La Junta. At this place there are several wells which 
originally flowed 12 to 35 gallons a minute, but vigorous pumping has lowered the 
head greatly and materially diminished the volume. North and northwest of La 
Junta the volume increases, a flow of 100 gallons a minute being reported at Hol- 
brook. About Las Animas the wells have flows of 10 to 20 gallons. At Caddoa, 
Lamar, Granada, and Amity, where the waters are pumped, supplies of 40 to 80 
gallons a minute are obtained. In the various wells along the Santa Fe Railroad 
southwest of La Junta the amount of water flowing or available for pumping varies 
greatly. At Delhi 37 gallons and at Tyrone 50 gallons are obtained. At Timpas 
and Thatcher the volume was very small, but at Ayer the poor water obtained 
had a flow of 25 gallons. In the vicinity of Pueblo the volume also is variable. 
The first well in South Pueblo flows 100 gallons a minute, of mineral water, while 
other wells in the vicinity flow 13 to 25 gallons. 

The well having the largest flow in the Arkansas Valley is the one 10 miles south 
of Portland, where, from a depth of about 1,100 feet, about 600 gallons a minute 
flow from a 6-inch casing. .It is possible that the large amount of water in this 
locality is due to the proximity to the intake zone along the mountain front a short 
distance south and west. It gives promise that in the extensive prairies lying 
east and north, similar large flows may be obtained, which could be used extensively 
for irrigation. 

In the eastern portion of Huerfano and the western portion of Las Animas coun- 
ties there appears to be but a limited supply of water in the ‘“‘Dakota”’ sandstone, 
except about Trinidad and southeastward, where some of the wells obtain fair sup- 
plies by pumping. Deep borings at Rouse Junction and Salt Creek, on the Denver and 
Rio Grande Railroad, found only a very small amount of water in the ‘‘ Dakota” 
sandstone, and at the latter place it was too much mineralized for use. Probably 
the small volume of water in this district is due to the escape of the underground sup- 
plies in the outcrops of “Dakota” sandstone at lower levels to the east. Possibly 
also the flow of underground currents is greatly impeded by the numerous igneous 
masses which traverse the strata in many directions. 


ANALYSES OF WATERS. 79 
QUALITY OF THE ‘‘DAKOTA’’ WATERS. 


All waters which flow over or through rocks and soil dissolve various chem- 
ical compounds, the nature and amount of which have great local variation. Water 
passing through pure sand or sandstone can be contaminated only to a very slight 
- degree, but nearly all rocks contain soluble minerals, especially shales, limestones, 
and red beds, which often yield a large amount of salts to waters which come in 
contact with them. Red beds generally contain gypsum and salts of various kinds 
and yield highly mineralized waters. The deep waters of the Arkansas Valley 
vary greatly in quality, but nearly all contain a noticeable amount of mineral mat- 
ter. Only a few analyses are available, and these are given in the following tables. 
The chemicals are reported in their theoretic combinations, and it should be pointed 
out in this connection that there is considerable difference of opinion among chem- 
ists as to the probable compounds indicated by analyses. Most of the waters from — 
the ‘‘Dakota” sandstone in the Arkansas Valley region contain 50 to 100 grains 
per gallon of minerals. Sulphate of soda, or Glauber’s salts, is the most prominent 
constituent, usually with smaller amounts of sodium chloride, or common salt, and 
sodium carbonate. Small amounts of carbonates of lime and magnesia appear in 
all the analyses reported, and usually there is also some sulphate of lime or gypsum. 

In some districts the quality is satisfactory; in others the waters are much 
mineralized. In the vicinity of Pueblo the principal flow contains so large an 
amount of saline ingredients that it is regarded as a valuable medicinal agent and 
is extensively bottled as such. At Grand Hotel the flow. at 1,050 feet near the top 
of the ‘‘ Dakota” sandstone is reported to be of excellent quality. At Fowler, Man- 
zanola, Rocky Ford, La Junta, Las Animas, Caddoa, Lamar, and Granada the 
quality is very satisfactory. At Ayer. and Thatcher the water contains too much 
mineral for use in locomotives, while at Trinidad and Barela it is satisfactory for this 
use. In the well 10 miles south of Portland the water contains considerable iron, 
but appears to be satisfactory for drinking and irrigation. At Salt Creek and Rouse 
Junction waters of decidedly saline character were reported. At St. Mary the 
water is too alkaline for use. 


ARKANSAS VALLEY IN EASTERN COLORADO. 


80 


00 "UW ’ 
epuBin ON, pus JeAUO |*-~---~*| OSE 6 
‘umeysuraung “y "vy |°-"""-- "| 66P ‘2 
“SIIOAA "I “HE |-"---"""} pee I 
‘ojqong ‘Moy y ZaINYOS WOA |-~7--~~*| T90‘T 
Yai ewe eeens SPL ‘T 
‘od wee ewww 002 ‘T 
0d 6681 | ¢28 
Yai 6681 | Sb8 
od omnes i 3')') 
od mass eerlIREO CT 
od ee OFT ‘2 
od ="! 106 ‘T 
‘od 6681 | 681‘Z 
Od 8681 | P29 ‘T 
SOC. weeilFo ae ee OTP ‘T 
eHARNOVT o\ie OWN [eee Soo 068 
“PUBICOUL “EAM | S68T | 888 
all CONT 
od 8681 | 801 ‘T 
*‘STOMOT “VM | 8681 | 298 ‘T 
“PUBIGONM “AM | S68T | 828 ‘T 
“od 6681 | PPI ‘T 
od 6681 | Sze ‘% 
SRLOANO clan AAU |i an oie STE 
‘op Shaq usoquvoq |*--->->- gee ‘T 
0” L68T | €60‘% 
20 ans ae Sze ‘T 
*SIOMOT “V “MA | 6681 | 209 
“4sh[euy TBO TOL 


06 
801 


*sqjuon 
~4198u00 
19YXO 


“quoselg pv 


a aah Fete Sa ON om te 8G 919% 
TL “| 01@ 981 
Res posse 02 6 691 8 
faba oS 5 91 QT | 68T GS 
29 8 aie Sarnsciy nse dee AG, cdi 
ZIT poy gee ane 98 iat 
61 heer, ore at NOS: 81 
96 SESE CoH acts "71 96 91 
08 Seema SKS iT OT 1% 
eIl aaa ea tetera 5 NO 9% 
Wy) Sse ee ee are A F0T 
SP G6 ee 
SIZ pean tual |peesate ss s| ALEL iz6 
(OF eeae | peers bass ere P=) 1% 
POL 3 91 16 18 
serpy Ss GI ST LBZ 02 
(v) OF (at 96 8 
18 el, GI | «982 88 
68 Pee eae vi OFT iz 
96s gah eae ee a 02 TAI 8¢ 
ergo carte TL'T 9t | OLT 9 
OBn omelets sens noes a PPS 8 
LOTS Yeas ss aI Re © ay) 2 18 
ier ore ge lieseasioe en ea ee £9 61 
pega a wate ae 0S =| PIT £8 
fe alas ||P cb oe oss Lt 698 pg 
Seed ee 6P PIT ee ‘ 
OF eas Ne TEs 25 | 2080 8 
*OuvV | “OU E00) 10 
+8 Ota 
ae sie “BOILIS *ploe “OulI 
oruBs10 part mS | omogreD | -OT4WO 


Gea ‘8 
GLTT 
$89 
929 
118 
999 
SIP 
Ilr 
18h 
GLg 
£86 
992, 
061 ‘T 
S06 
GLL 
O8T ‘T 
Sp 
69 
0¢g 
BLE . 
919 
OFF 
06 
68 
LIL 
£98 
269 
ee 
+0S 


“pos 
ornyding 


*OPDLO]O/) ULIISDIYINOS UL AUOISPUDS ,, DIOYD&T ,, Wolf siajon fo sashyouy 


[‘uonyur 19d sy1vq] 


6ST 
GEG 


68 
v'P 
PL 


GL 
PIT 


68 
1% 
09 


“wanIs 
-ousB yy 


OS | - 1 GIGS | GEG ‘T |--** >> Sarpis yoorg 418g 
LL 6L | 202 61 ‘T |77-7*** (1090 puviy) 
801 91 (476 Ot | 555 GODT 70:0) 
(COM lecomen eal Cha OOP ‘T |---**> (ssiategq) ofqond 
(an JP 2eh teins 08¢ Deep ce re ea OULO AT, 
99— }-777""*| LOT (469 ns SISOS VN ELAT 
OU | ||sea naman OT Sik ESS age a tetere gOXGT 
Th PPP seen Gey OF. ber |feesr oma Dee Soae WOOT ET 
ie |= --+! pr ofe nteeeeneeeee ee 9q 
if PPP N aH ue Bike aT home OM 
Gf POPE CO 19% “od 
Te wa eeee =. 89 2Gz Ce TO OO On OV tf 
19G) alsa see rats GcL, 
Sil seaman 00G 029 
(sy PPP ere 08¢ 
BS ool ghelage a 0g9 pag 
GI | 0% 62 4002 
Ville Wiens "| $29 Gar 
CRG eee saecls sce Yaz 
Olea lessee GIP Oar 
7) 09g 68h F ~BqUn f BT 
Pie see ean 08e OF Sis eee SULUILY SBT 
Cele ese ae 98 O8Zen altar oss ae od 
OP el eae (69 0¢ 
(dA |S coe (ile pre aaa ae oe od 
(eal lite son SS 00¢ oe lane yan OCL 
CPs | at are 898 92 ~* 1VOUB'T 
Sie eee ODT 08¢ DISSSO SSSI HHT ELI) 
ue) “a “DN 199T. 
oreo | -suaoq [UNOS |-wrdoa “Aq1200°T 


81 


ANALYSES OF WATERS. 


e°9 ‘OpHoyyo urnry4yt] Surpnypour q 


*90G14 {0} BUGIS OSOUBSUBUL PUB ‘90° ‘0}BUOGIvO MINT} UO14S {71° ‘0VBUOGIvO UANTUOUIUTE ‘17°0 ‘OplLO[Yyo wWNIYAY Surpnpouy » 


“00 “°° 
OpUuBIDH OLY puv IOAUOC 
"mBYysuMUND “VY “VW 
“STIOM “TH 


‘orqond 
‘MOT 7 ZqINYOS woOA 


‘Toppey “d “UM 
‘od 
od 
og 
‘od 
od 
od 
od 
od 
‘od 
od 
od 

“s1oMOg “VM 
*puBIqoTTH “Wt “MM 
og 
od 
“sIOMOd “V "MA 
*puBIqeTITA “WM 
‘od 
ar 
"sIOMOg "VM 
"op sniq wi0qiveqd 
og 
od 
"sIOMOg "VY "MM 


“4sh[BaVy 


"180K 


00 ‘OPS 
IL 9FTa) Of 9 
20 82 


£069 
06 ‘90T 
06 “19 
81 OL 
IT 1S 
8P '6F 
08 "9S 
06 69 
06 “ST 
06 “TIT 
G6 “221 
81 96 
¥8 G8 
G8 681 * 
PL IG 0 
81 G6 
OS 99) anne a 
CE) A 
0 *08 
06 99 
LORS SG ene 
(8) EYE 
£3 ‘82 
6P “6IT 
16 "8L 
Es oe ee 


*squen 
1810, |-414su09 
Tey}. 


"8104, 8 UL 
917 BlOA 
pus 
OTUBSIO 


br ye ce° 66 ‘SP 
PS Fie aoe eae ied 19°99 
MT 6G Le ea: 
16° 16° eae ek 
PSraeaers| Pecos 60°F 
yaa eas cL’ 16% 
See dees cc ae eee 2o% 
\ onl cee acne | arog haat €T OL 
eer hie age | I1’8 
ae Soke €6~ 90'S 
eeeesee 66° Reseeeee 
ce" OLE Sa liger ace. 
(ay CLS Tt ga oes 
Beet See oot freee 
yee ce hee eo 
10) 0) Ehlers ees 
Slieercase as 26'S | 69'T 
a ae tae 60'T ae 3 
Hehe egg [tcc 
‘oyByd 
“BuUlUANye | . -[n8 
puv uosy} “ES | oonis 
ous By, 


Se 
$9 TT 


919 
16°81 
LE 9 
16°9 
6¢:°9 
18° 
08 8 


60°% 
96 7 
S6°L 
Shs 
66 T 


“97 B00q 
-180 Un 
-ISousB yy 


06 ‘SZ 
9G 


869 
L611 


018 
Biolog: 
win 
i 2) 70) 


(Wg) YAH 91'SG | OF ae | OS ETT | SPST | ~~~ SUIPIS YOolD BS 
SS ak 188 |-""""""| GOTT | G6'%@ | 6IoT | ~~--(leI0H pueIy) 
BOL | TL Pees wt | &h Th | 093‘T |----(00 IP °0"0) 

C3 el ey leseaisine rea ae es | 06h | OOFT | ---- ~~ (SsBq) O1qend 
WA lee PPC ese CSI |) Tee Pee 0&2 ‘T | (4910U sojtur 9) eoueTOp 
Ghee oat ose ane AOD TAL | ENTS I USR Pees soeaee auor4y, 
CONCC aa aes aera ea ges EBT GEAR Nad  g ReCRE SS oS TyPed 
GUSCiiao es" Ges lesen GOT ZO) AT SC tis a saan ah = od 

CTE RTS apes (ane aes SOT CORT | ROP ne age ee moog, 
OGG Tae mere pila ee 00% | 00°22 | Ore 

(OOS) | Bese CoS aes 0h | 06°62 | ITs 
Be 0292 | 00°0T | 08°08 | 192 
eee “777-1 09°46 | O8'GE | OF G9 | Zaz 

CLeGes Een as ase 1e€% | Tres | oy 

Caneel eres selene os 08% | 02% | 029 

OATS Pe seca gl ees oe 86% | Ph Gh | 08g 
Poste 2 4 Neem ee 69% | €L°9 | 80°Z0r | 799 
PRA SS 91° 06° | 481 | Le [2002 | -------~- prog Axo 
pace ieee PB GG | Ste | 9T09 | Sep | ---- Tu surmopwy 
pecan erie a OSE | 08% | 00h | Oc |G ON TloM prose 
pm os ae OF EE | 09'S | €0°0G | OG | --- “TON pBorTerT 
ee 0L°0 | #9" 99% | 66°89 | 6h | ~~ (pvoryrer) Bune BT 
eres “1 CTT | 84° | 6088 | OPE | (PBOITIeX) seUITTY SBT 
CCur eee a ee ae WO |e, GH Peessesoesenens “od 
POWPaeN ese celery ae 881 | srs | os “"" >> (pBorTrer) BOppeD 
siecle pe 1'€ | 80°09 | 00s = |-- >>> (Te Ag10) reureT 
Pees Saige ay GS | AL ASE, Ge ~ yfroseeeegesecce od 
EDGR 61° 00'S | 28°6G | 926 |--- “(pBorer) 1VUABT 
gases og Bae Gis 8F OL | 21% OS IT | O8¢ | --- (pROrTIer) BpeueTH 

WEEN 
‘oyeyd | “opi i ' f 
ales ae rodues aan ene ‘yadoqd A4118007 
-oye9 |-seqog |AIPOS|ANIPos|tANIpos 


[-uo]es 19d surer3 Ul PUB SUOIMBUIqUIOD [BoTJoy,OdAY ut pessordxm} 


OPDLO]O,) ULAISDOYINOS UA FUOISPUDS. ,, DOD ,, WoLf suagom fo sashyouy 


:SMOT[OF SV pautquioos AT[Botey,0dAy oq AvuUI s}UeN4I}sUOD VSO], 


6 


4551—No. 52—06 


82 ARKANSAS VALLEY IN EASTERN COLORADO. 


In the analysis of the water of the first well at La Junta it is reported that when 
the analysis was made the water had deposited a slight brown sediment containing 
iron, manganese, silica, and a trace of phosphoric acid, all of which, except the last, 
are included in the analysis. Free and semicombined carbonic acid (CO,), 124.4 
parts per milion; total CO,, 250.2 parts per million. A trace of lithium was found. 

When the water from the first artesian well at Rocky Ford was received in 
Washington it had deposited a sediment containing silica, iron oxide, a trace (7?) of 
alumina, and phosphoric oxide. Traces of bromides (?), iodides, and phosphates 
were found in the water and some organic matter not determined. Boron, fluorine, 
and barium were absent. Free and semicombined carbonic acid (CO,), 106.57 parts 
per million; total CO,, 176.90 parts per million. 


WATERS OF THE “RED BEDS” AND THE MORRISON FORMATION. 


Under the greater part of southeastern Colorado the top of the ‘‘ Red Beds” lies. 


100 to 300 feet below the base of the “‘ Dakota” sandstone. In the region north of 
Arkansas River’ and east of Fountain Creek these ““Red Beds” are too deep 
to be reached by ordinary well drilling, but along the river valley and south- 
ward they are at moderate depths. The deep borings at La Junta, Manzanola, 
Thatcher, Rouse Junction, Salt Creek, Caddoa, Fort Lyon, and Bloom penetrated 
more or less deeply into the ‘‘ Red Beds,” but obtained no satisfactory water supplies. 
At a few points in Kansas the “‘Red Beds’”’ have been found to contain good 
water, but in most cases it is too highly mineralized to be of any use. Probably 
water-bearing strata will be found in the ‘‘ Red Beds” in Colorado, but it is doubtful 
if any of them will yield useful supplies, and ordinarily a boring should be discontinued 
as soon as it enters the ‘‘Red Beds.”’ The Morrison formation includes thin beds of 
sandstone which often contain water, but the amount so far found is too small to be of 
value. At Manzanola the ‘‘ Red Beds.” were penetrated from 1,653 to 2,110 feet and 
several water-bearing strata were found, but it is reported that the water was very 
impure. In the Bloom boring, the ‘‘Red Beds” extend from 455 to 1,162 feet and 
yielded some water of bad quality at 1,006 and 1,145 feet, of which analyses are given 
in the table below. At Rouse Junction the water found in the ‘‘Red Beds” at a 
depth of 1,760 feet was reported as “‘fresh,’”’ but it rose only about 200 feet. The 
following are analyses, made by W. A. Powers, for the Atchison, Topeka and Santa 
Fe Railway Company, of waters from the ‘‘Red Beds” at Bloom and from the 
Morrison formation at La Junta and Caddoa, at the depths stated: 
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Analyses of waters from “‘ Red Beds” and Morrison formation in eastern Colorado. 


[Parts per million. | 


Bloom. La Junta. Caddoa. 
Constituent. 
1,006 feet. | 1,145 feet. | 663 feet. 757 feet. 440 feet. 560 feet. - 

Sodium siNe). Seki Seo. sess seems cctee ea tee 2,131 846 323 270 586 753 
TECTED hth) Ge Rese amie i Gees a Sets > BOON Beat aSnel 1S ASE ee hd esicl GOP C See sea MOOSE OEIC GAMCCRee abcd OSCE eMis nc mear ares Eri 
@aleiumsy Ca. o2- =. 4-5 cis esiceias seen ee eee ee 146 229 23 12 143 38 
MS enesium, | ME. 2/5 hac cs hacas scarce eesenceses sees 88 65 24 6.4 75 23 
‘Sulphumiciacid; |S Oinseasaeecsecee ce soe eee sere seo eee 1,844 1,342 572 424 1,282 702 
Chlorine. Cle shes see sess aciseneo cee basses ceeecee 221 254 24 11 39 82 
Carboniciacid;|C O32 cece sensei s coerce enters 1,871 553 136 109 329 587 
Silica Si Oatemncen ca. ecee eter ee ete ce eect en soe eoees seer ress ect nonce 56 Th, Wetearcte eel beets ee 
IromMmoxide--alumintImioxides WesOs+AlsO seme erection laste ee wie cia = oil mimicic clas ctw cle ae eis clefepelate otal aatetetelbiaym etal Ucde iste irae ae) | mere ie elm tetaretolone 
Organicrand volatile. 2)-jo\3-ce- cee seeteenelceeeeaee 255 138 66 58 199 136 
Othericonstituents.. oes cee cece secs Oe eae ee a eo eiee melo cia ee Ue DA Sa Soon a RIE Decide ave ete 

ROtAL SOLAS a\-,5/ad:a joie cee seis seme cece tee 6, 556 3, 427 1,224 907. 4 2,653 2,321 


Analyses of waters from “ Red Beds” and Morrison formation in eastern Colorado. 


[Expressed in hypothetical combinations and in grains per gallon.] 


Bloom. | _ La Junta. Caddoa. 
Constituent. ey RAV AME ieee 1 
1,006 feet. | 1,145 feet. | 663 feet. 757 feet. 440 feet. | 560 feet. 

Sodium sulphate.-...... Bee Ona Sase cc naTnacencrsence 159. 63 116.13 49. 54 36.70 101.18 60. 79 
Soditumichloridesieenca-ceceee cee ee ee eee erento 21.29 24. 56 2.31 1. 40 3.73 7.96 
Soditimicarbongtez cee +. -cjacsneceee seems cclieceriatinee 148. 36 4,92 4. 40 CSUN Seeereaeeaae 48.72 
CANO real ib OC EE CES RoR oeeaaeocqosolabonuendonostalbooseancases||soharacdaanolbacsasebcacel PAtssbonsses CBG eee ee cracls 
Caleimnicarbonates sae cers -eeeceeeeee eee eee eee 21.30 33. 61 3.32 1.80 13.94 5. 62 
Ma enestumisul PRate mein = iecm cece Semele ee rs emcee eet | eae ets eeicial| seine Seer Sera solace See | eetmece meee sen esas ce 
Magnesium carbonate .........-..--.--------------- 17.85 13. 20 4.90 1.30 15, 31 4.77 
SUC Ses oceEeaG aaeeer ese Ree cbr oon orcesc copra aSe en Saccrare aocn HeMmaceseaae 3. 26 TOOT Ber coe) sae ere ae a 
eonvamdballvrmingay 2 seis ee aye eres ote ee eer ake ais eH te Sa eee ea ela lino raya bole essai e eevee tewrate | Maldis ie wicisigomll epee seacmel comme ose mam 
Organic and volatile matters ..............-.----.- 14. 93 8.08 3.85 3. 40 11. 66 7.93 

Potal}solds jz ci .eiss sae oes wae gees eee oie 383. 36 200. 50 71.58 53. 30 155. 20. 135.79 


WATERS OF LARAMIE AND ASSOCIATED FORMATIONS. 


The Fox Hills (Trinidad), Laramie, and overlying formations all contain water, 
but unfortunately these formations are so distributed that their water supplies are 
not likely to be very useful. The area extending from the Raton Mesa to the Spanish 
Peaks and beyond is a rough upland of high ridges and steep-sided valleys, and, 
moreover, the conditions are not favorable for flowing wells, except possibly in some 
of the deeper valleys. In the large synclinal area east of Colorado Springs well water 
is obtainable at various depths in the Laramie and associated beds, a few ranches 
drawing their supplies from this source. A deep well at Calhan, described on page 72, 
failed to obtain satisfactory water supplies in the Laramie formation, and there was a 
similar experience with a well at Monument. 

In the Florence basin the Laramie formation lies at moderate depths and 
doubtless will prove to be water bearing. Some of the wells west of Florence 
obtained a moderate amount of water from this source, and in some of the coal mines 
there is sufficient water to be an obstacle to mining operations. 


84 ARKANSAS VALLEY IN EASTERN COLORADO. 
WATERS OF THE LATER TERTIARY DEPOSITS. 


_ In the wide areas covered by later Tertiary deposits abundant water supplies are 
usually obtainable for pump wells. The deposits consist of various materials which 
absorb a large proportion of the rainfall. This water sinks low in the deposits, and 
usually the largest amounts are found in the basal portions lying on the Pierre and 
Niobrara shales. Where the contact of the shales and overlying sands is exposed 
there are usually springs, by which a portion of the water escapes to the surface. 

Wells in the later Tertiary deposits vary in depth from 10 to 250 feet, the deepest 
ones being in the eastern portion of Cheyenne County. At Cheyenne Wells a large 
supply of excellent water is obtained at the base of the later Tertiary deposits at a 
depth of 257 feet. Ordinarily a large supply is found in these lower gravels, but it is 
well known among drillers that after the shale is reached it is useless to sink deeper. __ 


WATERS IN THE DUNE SANDS. 


Owing to their porous nature the dune sands absorb a large percentage of the 
water that falls upon them, and they usually lie in such manner as to intercept more 
or less of the surface run-off from the adjoining slopes. Accordingly they accumulate 
considerable water and afford excellent supplies for shallow wells throughout their 
area. 
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[Professional Paper No. 52.] 


The serial publications of the United States Geological Survey consist of (1) Annual Reports, 
(2) Monographs, (3) Professional Papers, (4) Bulletins, (5) Mineral Resources, (6) Water-Supply 
and Irrigation Papers, (7) Topographic Atlas of the United States—folios and separate sheets thereof, 
(8) Geologic Atlas of the United States—folios thereof. The classes numbered 2, 7, and 8 are sold 
at cost of publication; the others are distributed free. A circular giving complete lists may be had 
on application. 

Most of the above publications may be obtained or consulted in the following ways: 

1. A limited number are delivered to the Director of the Survey, from whom they may be 
obtained, free of charge (except classes 2, 7, and 8), on application. 

2. A certain number are allotted every Member of Congress, from whom they may be obtained, 
free of charge, on application. 

3. Other copies are deposited with the Superintendent of Documents, Washington, D. C., from 
whom they may be had at practically cost. 

4. Copies of all Government publications are furnished to the principal public libraries in the 
large cities throughout the United States, where they may be consulted by those interested. 

The Professional Papers, Bulletins, and Water-Supply Papers treat of a variety of subjects, and 
the total number issued is large. They have therefore been classified into the following series: A, 
Economic geology; B, Descriptive geology; O, Systematic geology and paleontology; D, Petrography 
and mineralogy; E, Chemistry and physics; F, Geography; G, Miscellaneous; H, Forestry; I, Irriga- 
tion; J, Water storage; K, Pumping water; L, Quality of water; M, General hydrographic investiga- 
tions; N, Water power; O, Underground waters; P, Hydrographic progress reports. This paper 
is the eighty-ninth in Series B, and the fifty-fifth in Series O, the complete lists of which follow. 
(PP=Professional Paper, B=Bulletin, WS=Water-Supply Paper. ) 


SERIES B, DESCRIPTIVE GEOLOGY. 


B 23. Observations on the junction, between the Eastern sandstone and the Keweenaw series on Keweenaw Point, Lake 
Superior, by R. D. Irving and T. C. Chamberlin. 1885. 124 pp.,17 pls. (Out of stock.) 

B 33. Notes on geology of northern California, by J. S. Diller. 1886. 23 pp. (Out of stock.) 

B 39. The upper beaches and deltas of Glacial Lake Agassiz, by Warren Upham. 1887. 84pp.,1 pl. (Out of stock.) 

B 40, Changes in river courses in Washington Territory due to glaciation, by Bailey Willis. 1887. 10pp.,4pls. (Out of 
stock.) e 

B 45. The present condition of knowledge of the geology of Texas, by R. T. Hill. 1887. 94pp. (Out of stock.) 

B 58. The geology of Nantucket, by N.S. Shaler. 1889. 55 pp.,10 pls. (Out of stock.) 

B 57. A geological reconnaissance in southwestern Kansas, by Robert Hay. 1890. 49 pp., 2 pls. 

B 58. The glacial boundary in western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by G. F. Wright, with intro- 
duction by T. ©. Chamberlin. 1890. 112pp.,8pls. (Out of stock.) 

B 67. The relations of the traps of the Newark system in the New Jersey region, by N. H. Darton. 1890. 82pp. (Out of 
stock.) 

B 104. Glaciation of the Yellowstone Valley north of the Park, by W. H. Weed. 1893. 41 pp., 4 pls. 

B 108. A geological reconnaissance in central Washington, by I. C. Russell. 1893. 108 pp.,12 pls. (Out of stock.) 

B119. A geological reconnaissance in northwest Wyoming, by G. H. Eldridge. 1894. 72 pp., 4 pls. 

B 137. The geology of the Fort Riley Military Reservation and vicinity, Kansas, by Robert Hay. 1896. 35 pp., 8 pls. 

B 144. The moraines of the Missouri Coteau and their attendant depgsits, by J. E. Todd. 1896. 71 pp., 21 pls. 

B 158. The moraines of southeastern South Dakota and their attend#nt deposits, by J. E. Todd. 1899. 171 pp., 27 pls. 

B 159. The geology of eastern Berkshire County, Massachusetts, by B. K. Emerson. 1899. 139 pp., 9 pls. 

B 165. Contributions to the geology of Maine, by H. S. Williams and H. E. Gregory. 1900. 212 pp., 14 pls. 


It SERIES LIST. 


WS 70. Geology and water resources of the Patrick and Goshen Hole quadrangles in eastern Wyoming and western 
Nebraska, by G.I. Adams. 1902. 50 pp., 11 pls. 

B 199. Geology and water resources of the Snake River Plains of Idaho, by I. C. Russell. 1902. 192 pp., 25 pls. 

PP 1. Preliminary report on the Ketchikan mining district, Alaska, with an introductory sketch of the geology of south- 
eastern Alaska, by A. H. Brooks. 1902. 120 pp., 2 pls. 

PP 2. Reconnaissance of the northwestern portion of Seward Peninsula, Alaska, by A. J. Collier. 1902. 70 pp., 11 pls. 

PP 3. Geology and petrography of Crater Lake National Park, by J. S. Diller and H. B. Patton. 1902. 167 pp., 19 pls. 

PP 10. Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, by way of Dall, Kanuti, Allen, and Kowak rivers, 
by W. C. Mendenhall. 1902. 68 pp., 10 pls. 

PP 11. Clays of the United States east of the Mississippi River, by Heinrich Ries. 1903. 298 pp., 9 pls. 

PP 12. Geology of the Globe copper district, Arizona, by F. L. Ransome. 1903. 168 pp., 27 pls. 

PP 13. Drainage modifications in southeastern Ohio and adjacent parts of West Virginia and Kentucky, by W. G. Tight. 
1903. 111 pp., 17 pls. 

B 208. Descriptive geology of Nevada south of the fortieth parallel and adjacent portions of California, by J. E. Spurr. 
1903. 229 pp., 8 pls. 

» B 209. Geology of Ascutney Mountain, Vermont, by R. A. Daly. 1903. 122 pp., 7 pls. 

WS 78. Preliminary report on artesian basins in southwestern Idaho and southeastern Oregon, by I. C. Russell. 1903. 
51 pp., 2 pls. 

PP 15. Mineral resources of the Mount Wrangell district, Alaska, by W. C. Mendenhall and F. C. Schrader. 1903. 71 pp., 
10 pls. 

PP 17. Preliminary report on the geology and water resources of Nebraska west of the one hundred and third meridian, 
by N. H. Darton. 1903. 69-pp., 48 pls. 

B 217. Notes on the geology of southwestern Idaho and southeastern Oregon, by I. C. Russell. 1903. 83 pp., 18 pls. 

B 219. The ore deposits of Tonopah, Nevada (preliminary report), by J. E. Spurr. 1903. 81 pp., 1 pl. 

PP 20. A reconnaissance in northern Alaska in 1901, by F. C. Schrader. 1904. 139 pp., 16 pls. 

PP 21. The geology and ore deposits of the Bisbee quadrangle, Arizona, by F. L. Ransome. 1904. 168 pp., 29 pls. 

WS 90. Geology and water resources of part of the lower James River Valley, South Dakota, by J. E. Todd and C. M. Hall. 
1904. 47 pp., 23 pls. ; 

PP 25. The copper deposits of the Encampment district, Wyoming, by A. C. Spencer. 1904. 107 pp., 2 pls. 

PP 26. Economic resources of the northern Black Hills, by J. D. Irving, with contributions by S. F. Emmons and T. A. 
Jaggar, jr. 1904. 222 pp., 20 pls. 

PP 27. A geological reconnaissance across the Bitterroot Range and Clearwater Mountains in Montana and Idaho, by 
Waldemar Lindgren. 1904, 122 pp., 15 pls. 

PP 31. Preliminary report on the geology of the Arbuckle and Wichita mountains in Indian Territory and Oklahoma, 
by J. A. Taff, with an appendix on reported ore deposits in the Wichita Mountains, by H. F. Bain. 1904. 97 pp., 
8 pls. 

B 235. A geological reconnaissance across the Cascade Range near the forty-ninth parallel, by G. O. Smith and F. C. 
Calkins. 1904. 103 pp., 4 pls. 

B 236. The Porcupine placer district, Alaska, by C. W. Wright. 1904. 35 pp., 10 pls. 

B 237. Igneous rocks of the Highwood Mountains, Montana, by L. V. Pirsson. 1904. 208 pp., 7 pls. 

B 238. “Economic geology of the Iola quadrangle, Kansas, by G. I. Adams, Erasmus Haworth, and W. R. Crane. 1904. 
83 pp., 1 pl. 

PP 32. Geology and underground water resources of the central Great Plains, by N. H.Darton. 1905. 483 pp., 72 pls. 

WS 110. Contributions to hydrology of eastern United States, 1904; M. L. Fuller, geologist in charge. 1905. 211 pp., 5 pls. 

B 242. Geology of the Hudson Valley between the Hoosiec and the Kinderhook, by T. N. Dale. 1904. 63 pp., 3 pls. 

PP 34. The Delavan lobe of the Lake Michigan Glacier of the Wisconsin stage of glaciation and associated phenomena, by 
W.C. Alden. 1904. 106 pp., 15 pls. 

PP 35. Geology of the Perry Basin in southeastern Maine, by G. O. Smith and David White. 1905. 107 pp., 6 pls. 

B 243. Cement materials and industry of the United States, by E. C. Eckel. 1905. 395 pp., 15 pls. 

B 246. Zine and lead deposits of northeastern Illinois, by H. F. Bain. 1904. 56 pp., 5 pls. 

B 247. The Fairhaven gold placers of Seward Peninsula, Alaska, by F. H. Moffit. 1905. 85 pp., 14 pls. 

B 249. Limestones of southwestern Pennsylyania, by F. G. Clapp. 1905. 52 pp., 7 pls. 

B 250. The petroleum fields of the® Pacific coast of Alaska, with an account of the Bering River coal deposit, by G. C. 
Martin. 1905. 65 pp., 7 pls. 

B 251. The gold placers of the Fortymile, Birch Creek, and Fairbanks regions, Alaska, by L. M. Prindle. 1905. 64 pp. 
16 pls. 

WS. 118. Geology and water resources of a portion of east-central Washington, by F. C. Calkins. 1905. 96 pp., 4 pls. 

B 252. Preliminary report on the geology and water resources of central Oregon, by I. C. Russell. 1905. 138 pp., 24 pls. 

PP 36, The lead, zinc, and fluorspar deposits of western Kentucky, by E. O. Ulrich and W. S. Tangier Smith. 1905. 
218 pp., 15 pls. 

PP 38. Economic geology of the Bingham mining district of Utah, by J. M. Boutwell, with a chapter on areal geology, by 
Arthur Keith, and an introduction on general geology, by S. F. Emmons. 1905. 413 pp., 49 pls. 

PP 41. The geology of the central Copper River region, Alaska, by W. C. Mendenhall. 1905. 133 pp., 20 pls. 

B 254. Report of progress in the geological resurvey of the Cripple Creek district, Colorado, by Waldemar Lindgren and 
F. L. Ransome. 1904. 36 pp. © i 

B 255. The fluorspar deposits of southern Illinois, by H. Foster Bain. 1905. 75 pp., 6 pls. 

B 256. Mineral resources of the Elders Ridge quadrangle, Pennsylvania, by R. W. Stone. 1905. 85 pp., 12 pls. 

B 257. Geology and paleontology of the Judith River beds, by T. W. Stanton and J. B. Hatcher, with a chapter on Ethe 
fossil plants, by F. H. Knowlton. 1905. 174 pp., 19 pls. 


SERIES LIST. - : III 


PP 42. Geology of the Tonopah mining district, Nevada, by J. E. Spurr. 1905 295 pp., 24 pls. 

WS 123. Geology and underground water conditions of the Jornada del Muerto, New Mexico, by CG. R. Keyes. 1905. 
42 pp., 9 pls. i 

WS 136. Underground waters of Salt River Valley, Arizona, by W. T. Lee. 1905. 194 pp., 24 pls. 

PP 43. The copper deposits of Clifton-Morenci, Arizona, by Waldemar Lindgren. 1905. 375 pp., 25 pls. 

B 265. Geology of the Boulder district, Colorado, by N. M. Fenneman. 1905. 101 pp., 5 pls. 

B 267. The copper deposits of Missouri, by H. F. Bain and E. O. Ulrich. 1905. 52 pp., 1 pl. 

PP 44. Underground water resources of Long Island, New York, by A. C. Veatch and others. 1905. 394 pp., 34 pls. 

WS 148. Geology and water resourc:'s of Oklahoma, by C. N. Gould. 1905. 178 pp., 22 pls. 

B 270. The configuration of the rock floor of Greater New York, by W. H. Hobbs. 1905. 96 pp., 5 pls. 

B 272. Taconic physiography, by T. M. Dale. 1905. 52 pp., 14 pls. 

PP 45. The geography and geology of Alaska, a summary of existing knowledge, by A. H. Brooks, with a section on climate, 
by Cleveland Abbe, jr., and a topographic map and description thereof, by R-M.Goode. 1905. 327 pp., 34 pls. 

B 273. The drumlins of southeastern Wisconsin (preliminary paper), by W.C. Alden. 1905. 46 pp., 9 pls. 

PP 46. Geology and underground water resources of northern Louisiana and southern Arkansas, by A.C. Veatch. 1906, 
— pp., 51 pls. 

PP 49. Geology and mineral resources of part of the Cumberland Gap coal field, Kentucky, by G. H. Ashley and L. C. Glenn, 
in cooperation with the State Geological Department of Kentucky, C.J. Norwood, curator. 1906. 239 pp., 40 pls. 

PP 50. The Montana lobe of the Keewatin ice sheet, by F. H. H. Calhoun. 1906. 62 pp., 7 pls. 

B. 277. Mineral resources of Kenai Peninsula, Alaska: Gold fields of the Turnagain Arm region, by F. H. Moffit, and the 
coal fields of Kachemak Bay region, by R. W. Stone. 1906. 80 pp., 18 pls. 

WS 154. The geology and water resources of the eastern portion of the Panhandle of Texas, by C. N. Gould. 1906. 
64 pp., 15 pls. 

B 278. Geology and coal resources of the Cape Lisburne region, Alaska, by A. J. Collier. 1906. 54 pp., 9 pls. 

B 279. Mineral resources of the Kittanning and Rural Valley quadrangles, Pennsylvania, by Charles Butts. 1906. — pp. 
11 pls. 

B 280. The Rampart gold placer region, Alaska, by L. M. Prindle and F. L. Hess. 1906. 54 pp., 7 pls. 

B 282. Oil fields of the Texas-Louisiana Gulf coastal plain, by N. M. Fenneman. 1906. 146 pp., 11 pls. 

WS 157. Underground water in the valleys of Utah Lake and Jordan River, Utah, byG.B. Richardson. 1906. 81 pp., 9 pls. 

PP 51. Geology of the Bighorn Mountains, by N. H. Darton. 1906. 129 pp., 47 pls. 

WS 158. Preliminary report on the geology and underground waters of the Roswell artesian area, New Mexico, by C. A. 
Fisher. 1906. 29 pp., 9 pls. 

PP 52. Geology and underground waters of the Arkansas Valley in eastern Colorado, byN.H. Darton. 1906. 90 pp., 28 pls. 
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4. A reconnaissance in southeastern Washington, by I. C. Russell. 1897. 96 pp., 7 pls. (Out of stock.) 

WS 6. Underground waters of southwestern Kansas, by Erasmus Haworth. 1897. 65pp.,12pls. (Out of stock.) 

7. Seepage waters of northern Utah, by Samuel Fortier. 1897. 50pp.,3 pls. (Out of stock.) 

2. Underground waters of southeastern Nebraska, by N. H. Darton. 1898. 56pp., 21 pls. (Out of stock.) 

21. Wells of northern Indiana, by Frank Leverett. 1899. 82pp.,2pls. (Out of stock.) 

WS 26. Wells of southern Indiana (continuation of No. 21), by Frank Leverett. 1899. 64pp. (Out of stock.) 

WS 30. Water resources of the Lower Peninsula of Michigan, by A.C. Lane. 1899. 97pp., 7 pls. (Out of stock.) 

WS 31. Lower Michigan mineral waters, by A.C. Lane. 1899. 97 pp.,4pls. (Out of stock.) 

WS 34. Geology and water resources of a portion of southeastern South Dakota, by J. E. Todd. 1900. 34 pp., 19 pls. 

WS 53. Geology and water resources of Nez Perces County, Idaho, Pt. I, by I. C. Russell. 1901. 86 pp., 10 pls. 

WS 54. Geology and water resources of Nez Perces County, Idaho, Pt. II, by I. C. Russell. 1901. 87-141 pp. 

WS 55. Geology and water resources of a portion of Yakima County, Wash., by G. O. Smith. 1901. 68 pp., 7 pls. 

WS 57. Preliminary list of deep borings in the United States, Pt. I, by N. H. Darton. 1902. 60pp. (Out of stock.) 

WS 59. Development and application of water in southern California, Pt.I, byJ.B. Lippincott. 1902. 95pp.,11 pls. (Out 
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WS 60. Development and application of water in southern California, Pt. II, by J. B. Lippincott. 1902. 96-140 pp. (Outof 
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WS 61. Preliminary list of deep borings in the United States, Pt. II, by N. H. Darton. 1902. 67pp. (Out of stock.) 

WS 67. The motions of underground waters, by C. S. Slichter. 1902. 106 pp., 8 pls. 

B 199. Geology and water resources of the Snake River Plains of Idaho, by I. C. Russell. 1902. 192 pp., 25 pls. 

WS 77. Water resources of Molokai, Hawaiian Islands, by Waldemar Lindgren. 1903. 62 pp., 4 pls. 

WS 78. Preliminary report on artesian basins in southwestern Idaho and southeastern Oregon, by I. C. Russell. 1903. 
53 pp., 2 pls. 

PP 17. Preliminary report on the geology and water resources of Nebraska west of the one hundred and third meridian, 
by N. H. Darton. 1903. 69 pp., 43 pls. 

WS 90. Geology and water resources of a part of the lower James River Valley, South Dakota, by J. E. Todd and C. M. Hall. 
1904. 47 pp., 23 pls. ; 

WS 101. Underground waters of southern Louisiana, by G. D. Harris; with discussions of their uses for water supplies and 

; for rice irrigation, by M. L. Fuller. 1904. 98 pp., 11 pls. = 

WS 102. Contributions to the hydrology of eastern United States, 1903, by M. L. Fuller. 1904. 522 pp. 

WS 104. Underground waters of Gila Valley, Arizona, by W. T. Lee. 1904. 71 pp., 5 pls. ; 

WS 110. Contributions to the hydrology of eastern United States, 1904; M. L. Fuller, geologistin charge. 1904. 211 pp.,5pls. 
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Preliminary report on the geology and water resources of central Oregon, by I. C. Russell. 1905. 138 pp., 24 pls. 
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Relation of the law to underground waters, by D. W. Johnson. 1905. 55 pp. 

Geology and underground water conditions of the Jornada del Muerto, New Mexico, by C. R. Keyes. 1905. 42/p.p. 
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Underground waters of the Salt River Valley, by W. T. Lee. 1905. 194 pp., 24 pls. 
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Observations on the ground waters of Rio Grande Valley, by C.S. Slichter. 1905. 88 pp., 5 pls. 

Hydrology of San Bernardino Valley, California, by W. C. Mendenhall. 1905. 124 pp., 13 pls. 
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Gilbert, in Seventeenth Annual, Pt. II; Preliminary report on artesian waters of a portion of the Dakotas, by N. H. Darton, 
in Seventeenth Annual, Pt. Il; Water resources of Illinois, by Frank Leverett, in Seventeenth Annual, Pt, II; Water 
resources of Indiana and Ohio, by Frank Leverett, in Eighteenth Annual, Pt. 1V; New developments in well boring and 
irrigation in eastern South Dakota, by N. H. Darton, in Eighteenth Annual, Pt. IV; Rock waters of Ohio, by Edward 
Orton, in Nineteenth Annual, Pt. IV; Artesian well prospects in the Atlantic coastal plain region, by N. H. Darton, 
Bulletin No. 138. 
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